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Alwtrac.t. ‘1’hc rr]ajor o u t b u r s t  o f  73]’/s( ]lv;awlll,  II,
Wachmann 3, ctetccted X2  w e e k s  before })( r il,ci,c,), ,+.. a
sudden  irlcrea.sc ill the production of hydrc,xyl, is I<N)I,[I 1(,
have been followed by a steady brig}it.crlir)g  il, t],, ii t} lr
]ight  until N20 days J)&St pcrihc]iorj, when  11,, c(,l,,,t !.a, a
factor of z200 rncmc lurl]inous  than in its quios((,, t ],II;,L!,
W h e n  80 days after perihelion the nucleus, W}I(,M , [l,;
tivc dialnctcr is estimated at .w3 kril, aJ~pcar<{l to I,( (TJJ,lt
( w i t h  unconfrrrmd  repor ts  of  u1, to four ad~lit]c,l,::l  , ,,
panions), the  i ssue  of  prinlary int,eres~  wa< llic r};{t Ill, , ,f
the relationship hctwecn the splitting and t]l( illi[i;,l  s[;,r,i.
of t}lc outburs t .  A1jplication  of a standard r]l(~d(l f{ )] t]lf
s p l i t  c o r n e t s  illdicritcs tliat, norrlinal]y, the filst }lr(~kl![,

the  separa t ion  of  the  corr)ponent  11 frorl)  tllc },~irl{  i~,;,l
nuc.lcus  ~, (tlie e a s t e r n m o s t  com~)oncnt) - O( ( utr[{l  II ,l.I t
p r o b a b l y  irl late C)ctobcr , solnc s ix  weeks  [0]]<.]M irlr, ( ],,
outburst’s OI,SCt.  A sccor}dary breakup - t,],e S([,ar  ill i<,, i ,f
A  ( t h e  wcsterllrnc,sl  conlJ)c,ncr,t) from c - fc,llow(cl s ,,,,,
two  weeks later. T]lcse f ragmenta t ion  episo(lcs ( r,rrt  Iiti !
well wit,h two less prc)rnillcnt ,  sccoridary ffal(. UJjs {,11 (},,
Iig}lt curve. Also examined are the circumst,al]( c< of w l,;,

rat)on for tile four addit, icmal, susI)ected cc~rlll,[illl(,ll< ‘Ji}l,.
inferred delayed rcs]~onsc  of the nuclcws t.c) ttlc ]Ilo,ior [Iis
turbar]cc orl i ts  surface is  a  phenorllenon  rl{,t ]Ir( Viollsl:,
repor ted  for  any  ot. tlcr sj)lit comet. It was l)rt,l)~wf(’ ill
the’  ear ly  1980s  that sorrw  companiorl nuclei of 11(1111 I(1 ,11:,,
split colrrcts r)]ay rcl)rescrlt l a r g e ,  ncar]y inert Ira{,,ll]t )It,.

of tllc surface nlantle of refractory material th;i!  N( I( t IrII
off, thus ex~)osing  the previously protected resrt v(})l {,f ic(
hcneat}l. If so, the cassc of I’/Schwassniarll1-  IV:wlilii:ti,fi  ~~
s u g g e s t s  that, the  d is turbed area  of  the  rl)arlilt first  rt
leased considcrahle amounts of dust, rnicrosc.ol,  ic ~,1;, 111, il I
par t icular  -  hcncc,  an outt)urst. lhc scparati{,r, of :, Iill y,,

fragment (or fragrl]crlts) of tlie rrlantle aI)parel]t ly rt{!{li-((
continuillgj  rnorc sus ta ined rnanifcst)ations clf cl(’vat(,~l ;~(
tivity (triggered J)c)ssibly  Ijy a buildup of VtI1)CII J,rts~l)lt  ,1,

Scrtd  oflprir~t  requc.$ts  to: Zdc.l,ck Scka  Ilirla
* IJ~sccl on  otmrvations n)aclc at  tile l;urc)pcm  S,,l]tl,,lll ( 11,
scrvatc)ryl  Clkilc, and a t  tile Calar  Alto  Okcrviit[)t), S)),)i,

l:,calin d srrl,sllrf:ic( ]N,(li{ts  of cc)~lfincd volatilized ices),
I II ord(r to (,},e)cor,,<. t 1,(. resist crlc.c to fracture offered
I  y il,t]i)lsic c{,}ltsior, {,f tl,( rluclcus arid  i t s  m a n t l e .  I n
irly ca<c, t]le  (I(,laye[l res}]c)])sc ~]rc~vides s t r o n g  e v i d e n c e

,l~,alllst ~)lodcl~ Of a strrrl[,(llkss cc)rllctary n u c l e u s .

K Cy wc)rds: collll’t “131’/S( tlwassrllan n-WaclLtnanrl 3  –
IIucl(,:ir sl~littirlg  dIficItI)l lal rlc)rlgravi  t,atiorlal  e f f e c t s  -
o u t b u r s t s  li[:l)t c u r v e

—-. .

i :onjci  S( tlwa..:,rl!:ir!rl \\’iicltli~arirl  3, which had until rc-
{ Iltly  I)e(rl krl(,w [[ a< (JI)C of tile i[ltrirlsic ally fa in t  per iodic

~ ~,l]let,s of tile Jll I>itcr f:illlily,  ]las  a rc]ativc]y short history,
< ,C II tl)[tllg,ll it was  (Iiwtjvcl(d as lc)ng ago as 1930. Ur)for-

1 ~illatc]y,  t]le  (,l,jf-c[ V/iL< ](, st fc)]]owirlg th is  d iscovery  ap-

JI:’ritioli  arid  r~lllliried ullolwrved  u n t i l  ]979,  w i t h  eig}lt
II, issccl re(urns t(, tlIr Sll]l duri[,g tile intcrvcniug p e r i o d
,,1 49 ytals (I\(l~it~~ & Sl,;il~orev  1975 ,  Lanclgraf 1 9 8 3 ) .
,\ gair,  avoid  irj(, clctcct  ion Ir, t lle c(,ursc c)f tile u n f a v o r a b l e
1 ( [urn c~f J {)84 /{,, t l)r {cc,[[wt v:as  rccovercd during its next

~ ;lproa~ll  t~) t}l~ Sllrl ill 199[1, WIICII i~ was  observed exten-
s I icly. ‘J’hl, s, tll, 199[, /C :iJl]];,rilic,n  oIIly was the object’s
[ ,Ilrtl,  r~c,,]ded r(lllrr, I(I tlI( Suri,

l“ct, t M(, of t }It f(, ur a],],a!  it ioris are n)cnmrablc because
, ,1  t})c cor,,et’h  uIIusiIal  a],l,{ararlcc. o n  M a y  3 1 ,  1 9 3 0 ,
J :{+ day:.  t,cforx [Icrill(liol,, l’/Sctlw~assrr~ a~lrl-l4’ac}lnlann  3
l[iwed la! th Ii} o]ily 9.?  ri~illic)]i Icrl) and for  severa l  days
v iis a fairly bri[,  bt c)l),lc( t CIII tllc verge  of  de tec t ion  wit}]

i [Iked e}e  lhll ill~, hlay J{]]!’ 1930,  t h e  c o r n e t  d i s p l a y e d
i, surlwd!  d far] (dc;crit)(d t~!’ sorrm c) bscrvcrs  as an elorl -
{ i. I ccl r,ucltar c(,lldnrlsat  i(,r, at lar~,cr  geocentric distances)
iml IIl irl Nfay, irl ii(lditi,rl, a s[rair,llt ta i l  tha t  poin ted  in
i II []ir(:ct,j(]rl  :L\v;Lj  fro]jj  ~],(  $.~]JI,  Sc}lii]]cr’s  (1930)  visl]a]
(1 lcctioi~  of a (I(,utll(  riucl(r]>  irl late h~ay 1930  w~$ n e v e r



telescopes of the tilnc.
‘1’hc colnet’s  Ijhysical a p p e a r a n c e  i n  19~\(l,  (<11(,[ Idly

tl)e rcportccf tcn]IJoral variations in the orictlt:it 1o11  ~ f IIs
sunward far)-slla])c’d  extension were cxalniric(l I)y S(>k;IrIlr]a
( 1 9 8 9 a ) .  ‘1’tie prill]ary ol,jcctivc of ttiat stutl~ ,vc,, iill  III

tcr~)retatior[ of the fall  ill t e r m s  o f  a  collilrlat((l {i(l); (JI
dust cjcc.ta frmil  otle  or ~nore isolated sources It N a< ( (tl -
cluded that tlic source(s)  were  s i tuated witlli)]  ?~l” (~f ( t~(

sunlit pole of the co]tlct’s rotating nucleus arid  t Iiat Iettt
poral variations in the fall’s orientation coul(l  SII( { fw  III IIy

bc modcllcd  only c)n the premise c)f a ra]}id ],,01 i[~ll 0( t },(
s p i n  a x i s .  IJctwccu ~rlid-A])ril  arid  late July 191!0, [ II :I\-
eragc and peak precession rates were fc~ull(l  to t j{ I [Ii I:il
to, rcspcctivcly, 0!9  and 1°4 per day. “1’he ii~t  i\’( hut f;i( (

area W.M c r u d e l y  estinlatcd at  0.8 krn2 atl{l t]if tj(li  I(lls
was  I)rcslll[lml  tc) Ije stro])gly  notls[)tlcrictil.

‘1’llc a[, paritjiorl  of 1979 was not very f{ilr(,riilll(,  a t II<,

con)et renlainccf  IIlorc  tllall 1 AIJ  f r o m  khirtl~ at ~ill t 11111~.
‘1’hc gconmtry  wa-s n]ucll  t)cttcr i n  1990, WlICII 1 tlt c  r] ~1
aI)proachcd ]’, art}l  to 0..\fr7 AU 0]1 Apr i l  17. ‘I II, ( ~iitl,i,l J

,

t ion of 1995/6 has actual ly  l)een cwen k:ss fal{u iilJt  I II III

that of 1979, with the cotrwt’s gcocclltric dist,all{~  alj~ ;;!s
greater than 1.3 AIJ. IIc)wevcr,  because of ttlc III)IX]I, [ ({(I
CVC1lts, the C. O1llCt l~cca~lw a.$ bright as, or briy,llt(l l}~:hl]) ilt
the tir]m  of closest a[)])roacll in 1930. ‘l’c) i]lv<sli{~(tl t I II{ w
events  in  deta i l ,  w(’ cxarl]ine the colllct’s liy,lll ( lIf v< !il 1

2 .  TIIC  C{)lllCt’s  light C.ll~VC! i:) 1 9 3 0  1!19G illl(l  tll(’
Iklrijor  olltl)ltrst o f  1095

IIy tllc ligtlt curve of a col;let one u s u a l l y  rllci{ll, a l,l,t
o f  total Ilmgnitudcs relwrtcd b y  v i s u a l  olwrv~]  --, r),)r
rnalizcd to 1 A U  f r o m  lihrth and col]vcrtc(l, to t}i, { x-
tcnt ~~ossiblc,  t o  a  unifc]rtn  systcln by  cc)rlf,< (illp, fI It ]){ I

sonal a n d  illstrurllcl]tal Cfrccts.  “1’hese c)lxclk’~>r/l ( lo {}w
correctiotls arc essentially calibrated 011 t.flc (Iat ii II, ])(, I (i(l
by highly cxl~cricllc.ed  olxwrvers and arc t)lll(v((l I I I(
fer,  wittlirl  ttlr c)lmcrvatic]llirl  urlccrtaintlics llsll;~lly ;itII, rI,l
illg t o  a  fcw tcllttls or a  llliLgllitlld  C, to a to( il \l!; ll; ll

hrigtltllms that, i s  illtrillsic to ttlc ohjcct. ‘I’t, [ ( OIIIJ I.
ite light c.llrve of 7:11’/Scllu’:Lssr1lallll-  Wacll]liarlll :{, J 11,11
is  stlowll  irl l“ig. 1 , a l s o  irlc.ludcs  three [Illot (lp,l iI}IIII( till

t h r e e  cllargc-coll]llc(i- cl[}’ic.c ((XI)) nlagrlillld(~, ii>. (1(
sc. ribcd i n  ttlc Sulwcqllrvlt  paragrap]]s. 11( for( ]II(!I 1 IIIfi
t h e m ,  we cotivcrtr:d these d a t a  t o  the sys(  rrll ( )f \ !sll{il
rnagl]itudes, usi]lg  ap])roxirnatc c o r r e c t i o n s  l~a~t:l (II+ t}lf
~ssulnr)tioll that tllc color was do[ninatcd l)) )I:LI ( icld it~,s.
“1’hc range  of  ol)tical r e f l e c t i v i t y  gradicllt,s  of ( t,;)] 1 ;Ity
dIISI (c. g., Jewltt L’ hlcccll 1986) in]l)]ics  fol tll( (  (jl,,r III
dcx (f~-- t’) o f  tllc slalldarxl  (JIIV systenl (JIIIIIis:II,  ~ !I~Y,)
tl)c values t)etwe(ll  -f 0.73 atld + 0.87 n)agl  v{lilii:il(lt 1(
an  average  difrmvlc.  c I)ctwccn the visual :iII(l  t 11~ ]~:,111~)

gra])llic llmgrlitudc,  ?ll~i~--  ?l!~,g = – 0 . 7 3  + 0 0 7  tll:ip,  ((’ ~!

K r o n  & hiayall 1960).  Otl t h e  o t h e r  }Iand,  tllr( ( L~Ifl r( ilt
l a w s  (Ilowarttl  & liaitcy 1980 ,  Fcijth 1980, St:ilil(,t,  10! 1 )

Jicl(l for t Ilc (Ii([(r(]l(  ( },(1 \\(ctI ?llvi~ atld tllc V I[lagliitudc
:,f tl,e lJIIV syst(r,l, )I(V,,  b’ : + 0 . 1 0 1 0  +0.13 m s g .

‘1’fl~ Iigl]t cllrv(,  ill ]! I:{[I \~iLs exa]nincxl  b y  Sckanina
{1989a).  IIc  IIc)ticcd tll( ])ICSIIICC  of Iargc d i s c r e p a n c i e s
:~l]lc)rlg II}agrli[u[lc ts[ illl;it(,s  IIladc  l)y t h e  v a r i o u s  ob-
,srrvcts, Ivllicll wa~ c[(llsc(I I)y a Ijrol[lilicnt  “ctclta e f f e c t ” .
‘1’llis cl[’((t, of(rli itjvt)ltr,l ill t o t a l  visual ~nagnitude es-
iitlmtc~ of CO IIUIS {it v(t) SIJI;LII  geoccrltric d i s t a n c e s ,  i s
I,clit,vcct  to bI d~l( t,., tll, IIlltllali  eye’s  ir)abilit,y  t o  d e t e c t
faint. LJut(r frirlg(s (,[ a v(ry vxtrt]ded c)l,ject with an cxcep-
tional]y  IC>W  s~lrlic(,-itltt,lisity  gradimlt. As a result, the ob-
~crvvr  ull(ler(.<ti]]l;kt~,s  ttj(  itltc~,ratcd br ightness  the  more
tlic littgtr (arid  lllcr(f[l)( 111( c loser)  tllc objec t .  I1owcver,
t]lC ]r]ap,llitll(]( (If’ t]l(  (I(]t;  i (, f[oct, is both ot)scrvcr atid in-
:.trutlmrlt dc~,~[idcllt,  tljlw tlir I:irge  scatter arr)ong  the ob-
servers. ‘I*c) at[~id  ttl~ ],it falls  tt)ai attcln[)ts to account for
Illis (fleet ar( Iifi,ly I(J lta(l to, wc do IIot include the light
r:llrvc  fr{llll this :,l)l,ari(i(}],  [rl l~ig. ]. For the sake of com-
],iui.s{,r, with tll(. otl,(.  r al]]~iiritic)lls,  llcmwver,  we plot thC
~llt rills ic; llly l)rir,llt~’s[,  ((~1(1:-corr(,ctc[l  lnagnitudc  estimate
Ir]adc l~li(,lc)gt  ;ir,lli(’illl~ l,) \f’()[d (1930) al)cnlt  47 clays af-
ter ~wrillclicnj,  H IICJ, t II( c(~ll)ct w a s  a l r e a d y  m o r e  t h a n
(1.4 ,4(] fr(]rll ]drt], :111(1  I,(, sigllific. rirlt d e l t a  e f f e c t  should

lW illv(,lvcd.
OIJly four  visual tll;~[,llit ildc  estinmtcs a r e  a v a i l a b l e

fIOIII t }1( ti])l,:,rit  iol) of I!); 9. l{ol)c)rtccl b y  G r e e n  ( 1 9 8 0 ,
]{)8] ), tl, (y }~irr  111:1,1(  t)} t WC)  (xIlcric~lccd ol]scrvers, f o r
irl IoIJi  tl)f, 111:.gllit[l[l( co] !{ct iorls arc well  known. one
(I[ t,hrt[l  (] bs(,l VC, I t II( (ot))fl,  Ivitt) the salne i n s t r u m e n t

,.gaif,  ill 199[1  ‘1’1](s1  (lilt  I ar( cc)rlllJlerncl[tcxl  i~l k’ig. 1
wittl  tlv(, ])ll(t(l~l’il])lli( 1)1 II,,l,t tlcss  cstirnates rel)ortcd b y
Ilcrald (1!179),  }~ Ilicl, }v<I( ( orl{.ctcd fc)r tjlle color effect as
,.liscllsscti  al)(~ic

A t{)liil  of ]0(; ]]lii~,i,itl](l{  estilllates  by 14 observers arc

],lc,t, te(l it, l’iy, 1 froth tl,{ fir~ora})]c  a1~parit4iorl o f  1 9 9 0 ,
,:ovcr irlg Itlc  ]wr iod fl(l[ll  (;0 d:iys  b e f o r e  p e r i h e l i o n  t o
<5 d:iys  l~a.st ]lcrill~’li(~rl ((;lcctl 1990, 1991, 1 9 9 2 ,  1 9 9 3 ,
1 !)9{lii) ,11  tl]ls al,l,ariti(, ]l, tll( corlmt’s  l ight ,  curve  was
filirly Stll(,c)tl,, [l(iiliitl~, sl, (,:lly after I)erihclioti. ‘1’hC n o r -

]  ] I1)iLg!,IiitLldC 10. ~0111-~llalizc~.1  llriglllll~ss [I(vt,r cxctf,{  m
l,ari+,l, }vitll III( f(iv (IL(,! I)oiiits fronl 1 9 7 9  slIows  tllc
f:Olll(t t(l ]l:i V{ 1,(>011  :Il)(lllt ((lll:L]ly brig]lt i~lt,rirlsidly  at

tll(> t,}y{)  ;lJ)Jlii(lf  loll< ‘J’f I(. ll~,fl( cllrve iri 1990 also al)lwars
to coIII]);i Ic f;i}f(,t al)l~ wi( II t tlc I,riglltmt  d a t a  poirlt fro~n
] 93(].  (;]ICII k J( \vit t ( I!)!}\)  S[iLrC]ld  but d i d  n o t  detect
;tny ~l~iclcar  c(,rllllarii(,lls  {Ill Nlay  1 4 ,  1990, 5 d a y s  t)cforc
i,crillrlioll  pa:.~af,(,.

]’(]llowirig 111[ CO II H,I’s r~covcry  at ~alar A l t o  i n  l a t e
1  !)94 (Iilrkl(: c t  al. 1!)94  ) ,  tflc c)l,ject was observed a t
tllc Er]r(ll,c;irl  %,i]tlllr]l  C)l,:.lr\ittc)ry (l~SO)  irl hlarch aud
1,Irlt. 1[~[)[,, ~lsl,ll; tt,( ]):il,  isi, ] ,!, I]]cter and t]le  FXO/hl I’G

?.~-llw[(r Ielt>cIII)ts t<lllil,l,t(l witli (~~1)  detectors and the
I,roatll);ll,d 1/ (ill (t> (,I t  II (k)llsills i)hotorllctric systcrn.
l’lic+f olwrvriti(,tls; ~v(i,  III,( (I ‘ tLS ~)art of a Prograrll t h a t

Ila$ \)CCll  rllollit(llill{’,  t(lllll[)liL I variations in the comet’s
I,tlysical  a])l,(;lt’iiIl(’(.  ‘J’11(’j  ilr( slll[ntnarizcd itl Sect. 9, in
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Fig. 1. Visual light curve of l’/Schwmso1anw \$’ar  1111, i+It I ‘I IIlic atic,ll,s aIe tlfat at t}lc carli{r  al, I,aritions  and until the time
o f  rlLaJor Crult}urst III 199S,  t h e  con)et’s  Intrl]isi(  },l,}:),tl(,... ( i ( }W al)l,ri,xi]ljil~c(l t,y 1},( saj,jc, s)tlc,othly varyirlg law (solid
curve). Since  the outburst, tile brightness has flue (ua[c<’ [ rrati,  dlly, t,xctttli[]~  tl]l qlli<s:~ III Icv[l t]y a faclor  o f  u p  t o  -’200
and more (broken curve). ‘1’he times of the cwt}jurs[ :~rld :, f 1}1(, s:J}Wi,(i,,l,<  of tle foltlj,(,r,tl,ts II al,d A (Sect. 6) are depicted.
‘3’hc 011 p r o d u c t i o n  curve  by Crovisier  et al, (] [t:)(, ) i, t ]M pl(l: led f(,] cc)lll  J)allwll, ‘1’11{ OIIS(  t of the outburst shout 16 days
before perihelion is consistently indicated by t,c,tl, (l,, 1)1 1,( ( ur,, a,,,]  tl,c 011 IIIC,,IUCII(,II  ( 1,1 v{, t,ut  their ter]l]joral variations
are dramatically different.

c o n n e c t i o n  w i t h  crur stucly c~f the ntrcleat cfirrl(.llsi~]lls \’I’f
f o u n d  a  so]ar co]or  f o r  t h e  practically hare rI\It l~u.. ,,1
t,h~ ti[lie of recovery, (v- }~)Jot,r,Bo,,  =: 4 ().5:{ :1 (1 ]<{ 111::[’,,
which  i s  ccluivalc]lt LO (V- R)C~”~i~~ =- + 0.:{(; j (1 :1 (1 II I;I~,
(F’crnie  ]9s3) and to rrlvi~ -- liicou~irl~ = + (1.48:; (1 J I ,,,;, [,
]n Fig. 1 this correction was aJJp]ied  to t]lc r~j;,~:llit 11111.
f r o m  t h e  I-a Sills images t a k e n  i n  M a r c h  and )LIII[  {II
w h i c h  the conwt  is seen tc) have already lWCI)  at t }~ ~ iir,{l
which were itlstrurlmntal  in establishing the ~:~[l(liil  CIlaI

acter of the Iig}lt curve hctwcen --,180 and . ..90 cl:iys l,,
fore perihelion. The visual ohscrvations l)eg<ir) irl II lid hl ;.}
1995, rnorc than 120 days hcfore perihclio]l, a]i(l  cclll(ir}~  ,!
t h rough  cal Iy February ] ~~6, ahout ]4fl  diiys aft (I J)(I 1]1~

lion, as the coi[let was slowly approaching thr corIj[IIIc I it]ll
with the Sun. A tc)ta]  of 100 magnitude dclerl~iil~:iti,-~11~.  l)}
15 observers arc included ill Fig. 1. T}Ic grca( IIl{tj[]rilj  I {
them is fronl tlic tat~ulatic)ns hy Green (199511, 1 9!)(;) \ itll

. .
a few add]t]onal entrlcs fror]l  (Xculars c)f tllc II IICI t,;+! 1(,[,:,1
Astronomical Uniorl.

Conll>arisoll  of the 1995/96  light curve wil)l  t,tlo.t.  fI ,r,,
the earlier a]~I)aritic)lls  Snows the crlorn)ity of t }IC (jilt I,llrsl
t h a t  cornrncrlccd in Car]y Septernhcr  1995.  ‘1’tli< CY( II! Y(iIL.
first reported by ~rc)visicr et al. (]995) as a slld(l{r,, ,ira
nlatlc enllaflcclncnt o f  a  slg~lal  frorrl  the 011  ra[]i( ) ]11 ;:,.

} rcml !.l,ci] olx+,r} a(io[,:,  (1,( j derived a peak hydroxy] pro-
~ll)cti(]ll ?iltf’  (II  (7.??  :1 O.Y;)) X 1029 rr)ol/s on SCpt.  1 1 - 1 3 ,
(l~[nj)ared  Wit}i (0.9? :1 () )!, ) x 1029 mcI1/s on  S e p t .  8 – 1 0
iif)d wittl  ii 3c7 I]pl,cr  Iit[lit [If(l ,28x 1025 nlol/son  Sept. 1-5
((~rc)viswr ct al 19{Ic, ). ‘J’I, IIS, ttlc c)uthutst -  p robably  the

~1 rst olir r}’er (Ic[c{ ted t,y r a d i o  tcchnicples  before b e i n g
s:rm  I’isual]y  - i~(gall  ill ttl{, l~rriod  of Sept. 6-8, or 17 to
I!, days I,cfort  1)1-ritlrliorl, ‘1’llis cr i t ica l  per iod of  t ime is
F.ISC>  irjdic;~(.ecl  III 1 ig. I l~y }Ia(k ext rapola t ion  of  t}le subse-
Ilen(,  vis~)a] C)I,SCI  vatiolls <If clrwatcd brightness. The peak

1 ormalized r[]a{:r)itlld~  (If . . ,R) o was  reached about 20 days
~ ;,st ],r]il,clioll, s(}~lw fi}( \VrVkS after “tllc beginning of tlie
,lltt)llls[ and dllrilig,  t l,i~ I,{.) J{Id of time the intrinsic visual
Il[ig}ltrlm:  grcu t,y a fact(,l of a]~j)roxi)nate]y 2 0 0 .  Addi-
1 (ma] s})oJt-lil{d flar,, -[l J,s are aJ)parcrlt on  bo th  the  011
~l~odu(tioll  CUI \c aI\d t}lc lIKIIt cl~rvc during the following
},{wks, ztftcr wlli( II tltr l][i~ll(rlcss began t,c) s u b s i d e  a t  a
1,.fe t lIat is cl(arly ]!)()( 11 sl(~wcr than t h a t  s u g g e s t e d  b y
I Iir ulldlst IIri)c{l ll~~tlt (Ilrlf{ (~urirlg the  1990 appar i t ion .

‘J’]){  tv:c, se{ (OII<I:IIJ  ],c:iki or, the lig]lt  curve are likely
KI be  g( ]Illifle llat(-ul,s. l~oivcvcr,  s i n c e  t h e y  a r e  docu-
r  ltvlt([!  hy vcIy  fcw (!ill<i ljoi]lts,  t h e i r  arnJ]]itudes a r e
l,cessari]~ UI)C( r{,;iill a]Id )]i,:y l~c exaggera ted  in  F ig .  1 .
‘I l,c flr~( (If tll{ !MO cv(IIt<,  },caking about 35 d a y s  af-



ter l)erillclion,  i s  l)~scd  l}ritnari]y on all Cxl){.ri{llf {,1 I)})
server’s account of the colnct being at this tlllu (ii[l(l \v, t II

the sanm ifwtrul[wnt) 0.3 ~rlag irlt, rinsic, al]y  I)r):,lllfr [I:; II
9 days earlier wltcli  its br ightness  was ohsctvc(l ((i !X sl II

s id ing .  So[nc  flrrriltg  is further sll[)])ortecf  hy l])c ii, < i,  IIIIl  {,f

OIIC of tl~e II IOSL cxpcrlcllced o b s e r v e r s ,  w])c~,  iil\[! :f~] ,, ,1} sI

a f t e r  I~critleliorl,  foul]d  the  comet 0 .2  rnry, t,] il,,ti~t J ( I,;trl
thr-ec  days earlier, ‘1’hc s t ronges t  evidence  f{,r t II{ SI o III
stlarI) I)rigl]te[ling, al)out.  49 days after pcritlc]i[, il, is I 1{
~~orl, by a fairly cx~,ericr]ccc]  o b s e r v e r  t}lat  ttl~  c,,fflt 1 {,1(11  ,1

by 1.4 nlag during the next 24 hcmrs,  while ii~l<,tl,, I 1, i~,llly
cxIvsricnccd  ckcrvcr f o u n d  the colnct to bc  11111( II fatlll  <I

46 days after pcrilmlion,  tmtwccn  the two scc(.,iltlt,l  y li+k.~

in Fig.  1. Regardless of the degree of sigrlifi(a~lrf (If t ]1{ st
two events, t}lc collmt’s propensity for fttirirlg  1]], N ;P. (,1,
vious]y  riot  Iilnited to  the  single e])iso(]c  in car]y S( ~,1 (,J 11
bcr 1995. l{athcr, i t  was  fo l lowed t ry  addi(i{)llal  (Iis[ r, ((
erupt ive  events  sul)cr,illlI)oscd on an cssclltla]ly ((~lil 11111
ous  l)actigrou~[cl o f  e l e v a t e d  a c t i v i t y .  ]rl 1,]1( IICXI s((  I j{)],

W’(, descril~e  wllzit w~e coilsidcr t}lc nlcrst drarll:ltit ~)](, I(I I

of t}lc ol)jcct’s a})l>arcntly  continuing disirltr. y,l:i( it,!!

q’hc rnultij,licit,y of tile nactcus of comet 1’/S{  II Vlii’.\Jll,  il]ll

Wacllrnanri 3 WM first detected at ESO ],ri Si]l;L  (i\lflil  L LtI

otmcrving  run of  l)cc. 1 2 -  1 4 ,  1995 (Ilocl]llliar{]t A liI\ II
1995).  ‘1’llc Ol,servations  were made sirrlll]t,:,l)((,llslj  ], It II

t h e  3.5-rlmter N c w  ‘1’echllotogy  ‘IklcscoIm  (N’1’  I ) 1111.1,

tl)c tjh(f M1 illstrll]rlerlt  ( v i s u a l  f o c a l  redac(. rj ill t~l ()],
tical wavele]lgth range and wit, fl tt)c 3.6-]ilc!er (( 1, ~( ,J1.,
u s i n g  “1’Ihlhll (Inid-irlfrarml focal rcduccr) ill [Ii{ 11111111,11
iufrared. llecausc of a vm.y riarrow crt)servili~, WIII<II  IV; ( Ii!
blc  1), WC focusscd J)rirljal  ily 011 b roadband  ;Ill;iglr,y, III 11,1
Kroll-~ousitls IL ]):Lw~)arld  a t  tl]c N“l’’J’. A  f~w ,Xl,:,~,,It  ~
t h r o u g h  tl]c  Ull\r and a C~N cnlission  k)a~i(l iilt{rs v (t{
a lso  taken, as were low-d  isl]crsic)ti  spectra, l~~lt t )i~.f, J(
s u i t s  a r c  [lot  rc~)ortecl  in this pa])cr, A  c.c~lltillullll, lo)II]t
irnagillg (wit]]  a ‘1’lh4Ml N2 f i l ter )  was  [)crfollrl[<l  al [II,
3.6-tImter telescol)e. For  t}lc ffllx c.alit)rat,iol[,  J,( trIt;L.Ii 111
tt)t, [)llotollwt  r ic  Stiill(l~r(l  s t a r s  (I, arldcrlt  19!12)  ,III! 1 ( ~1
sel)arate, Ill,arly  sir[l(lltall(wus inlziges  o f  tl]c  sky  iillolll  1 ‘

t o  ttle liortl]  ort]lc coll)et’s cerlter ttlroug,ll  tll(. ,Y’1”1  l)!(l,l(l
btirld f i l t e r s  oil I)cc. 12 and 1 4 .  ‘1’hc imay,cs  of I I,< 1  I
could not bc c.alihrated  hccausc of  c i r rus  clol~(ls. ‘i })( IN?
f i l ter  irllagil)g  of tlIc  cot[mt  w a s  s u c c e s s f u l  oIIly (III ] II (

12. l)uring the fo]lowirlg  two riig}its,  unstal)lc at Ii l(,.ll}l~lll
. .

c o n d i t i o n s  together wit. h ]Jrol)]erns  in t]lc tc]cscol](  ( I ;ir 1:
iag prcvelttcd us frorll  ol)taining f u r t h e r  ust,fLIl (l:!t;~ (II
l’/Scllwasstllarl  ll-l$7aclilllallrl  3 in tllc tlmrrlml il,f[;,lt~i

‘1’lIc ~]lajor d i s c o v e r y  c)f tflc N’1”1’ olm~rvat  ions  tilt 1,
tectioi) o f  t.llrce  srl~aratr l]ri~,lltrless  colldctls:il  lI)JI~ ]tl ! II(

,.
coi])a  is Sliowil 11) 1’ lg. 2((1). ‘1’tle illdil,idl]al i ot[il)i,ll(wr..
w~,rc aligned ill :i [If,;irly rcct ilitl car C}liiill alj(,lil  .1 :itr.(,{
long  and oriclllcd a])l)roxi]l]ately  alol]g  tl]c  I,r(,j(, lt 1 ,11

of [0111(,  t 7:{ P/s( 1,,,,; ,<s,ll ;,,,,,  \\~; ,( 1,1,,  ;) 1,1, 3

t(,cti[)ll  of t]lt SIIII  colltft  t(ct(]r, wl]osr ~]ositioll  angle o n
l)ec. 12, 199!}  Wi\K  ‘/X”, ‘1’(, ({)lIi})ly wit])  the  nota t ion  used
on tll( ,!12710?  }’/(iiif  / (’11(  f(/flr.s ( S e c t .  4 ) ,  wc refer to  the
wcstrr)lr]lost f’r;+~!)llrllt ;L< A , to the casternn)ost one  as
( :, }vllil( the III~,l(llv (o~lil(risatiorl is called 11. A  f o u r t h
I,riglltrie>s  ],( ak, l,,c:ite(l :il~o(lt 2 arcsec to  the  south o f
tile cot[l[~oricllt  ( ~ i< s(erl 011 tile h’2 illlagcs a n d ,  f o r  rca-
sor]s ol,vic)lis  frortl  SLct 4, IV( refer to  i t  as  F [Fig.  2 ( c ) ] .
}J’ll(rc:ls  tllc ct,r\,l<l\:;:\!i<ll\S. j1 al}d ~ were detec.tcd in both
I I]e oljli( al aTIIl t 11(, )rlfrart [1 \\, ilV(’lc’rlgt}l  S, the conlponcnt
}1 w a s  st( n (I],ly (,rl 1}, ( N’l”J$ exl,osurcs a n d  F o n l y  i n
I lie irlfrarrd irar]ws. 011 t  III,  I)roadl)and irnagcs, the dis-
{ rctc corldcllsati(][ls iv{,rc t,rlllxt{l(lcd  iri an cxtclldcd c o m a ,
i,:llosc fe[lt ra] l>ar t w;i< sl r~~llgly elongated along the radius
l,cct,or,  011 tll(, N’[”l’ jrlla{;ts,  isol)hoterj  of the outer coma’s
vcstcrr, f]ld l~cr(. wld(, a(!(l ]~(lilltillg  irl t h e  d i r e . c t i o n  o f
I !IC Surl;  a g(J,CI a] Irlt {.rllr<tat  ion o f  t}lis p}lerlo]llcrlon  i s
(,fler~c] ill Se(t, K. ‘]’tlr flll~ distri})lltion  in these irnagcs
i. cvi~l( rlt Iy r<l)]~ S(L]II  at iv{ (,~ tllo sI)atial dcrlsity o f  d u s t
l,itrti(l(~ III 11){,  ({IIII:t,  l~lli{ II difl’krs drarrlatical]y f r o m  the
;dr IIc)s[ circlllar iso~)liotcs  ill tll(. ~N iri]ages  o f  a  n e a r l y
ILj{]lr(]l)ic  &;LW?{lll S cK]I;iiJsI(IIJ. ‘1’lIr JJcxitiorlal  c h a n g e s  a n d
I,rigljtllms  vali:i!]orls <if tll( c(,rldctlsat,ions A ,  11, a n d  C
jtittl til,l( :Lr(,  ::~l;lilr(,llt  fl(l]ll  lip,.  2 ( d )  thrc,ugh ( g ) .

Ily ( o~lrtcs~ (,f ollr collt:,g(l(s oi~servirig  a t  o t h e r  ESO
[, lrxx)]ms,  ad{litj,)rial  lJl{\’1{ irliagcs c)f t h e  conlct fror[l
I  ite 19!)5 lla~f(  },rcor]lf  a~(kilfil)l(, t o  tl]c a u t h o r s ,  These
{ ~(~1) fr;illlm  ~{{r( ta}:{il l,y J Aiar]frc)id  (I,i?:gc,  Ilclgiurn)
v.ittl  1,11( l)lltcll 0,!) lrl{t(,l all(l l);lrlisll 1.5-rrmtcr  t c l c . s c o p e s
1 t,twt.c]i  {)rt. 2’? :irl(l Nov 1,  I)y K. l{ciusch (Gottirlgen,

~ ~(,rriiarly)  wit],  ttl(’ l: S()/\l 1’(; 2.2-rnctcr tclcscc)l)c  o n
Y.)v. YR, iili(l Iy J .  StoIIII  (};S(), Uilc) with t}le Darl-
ill l,f,-r]lller Iclw((,l,( ()!! l)c(  1- 2  ( f o r  d e t a i l s  at)out
I 11[ c,],s(.ri)rlg  ~,f{,lll( lly <111{1 irlstrurrl  cntatiorl, cf. ‘1’at)lc

I 1. 011 tli,sr dates t]), y,trl(ral illJI)carallcc of  the  cornet ’s
II,ljcr  rc, rrla res{rlll)lc(l  IfI; if SWII 0 1 1  tllc N’I”J’ irrlages  i n
)Irid-l)<xc]i]lwr  Ilt)wcvtr, o]i tllc origirlal  fra[ncs t h e  ccn-
1 I<il brigll!llcss  ]JC;L}:S, }V}lil(  i~])])(arillg  elongated aljproxi-
lll~tely  al{~)ig tll{, rzi(lills v~,{t?~], ( oli]d riot  bc resolved into
lllrlivid~lal  (orlll,o)lerlt<.

AI’1(1 (Iisco}(r:} of t II( Illlcl(ar fragl[wrlts, f(irthcr N’1”1’
III  il~(~ (,f Ilic  c[,ilwt  \vIt( (It,l :Iill(d  ttlrougll a I)rc)adt)a[ld  R
I  l~,r 01]  J:III. 7  ;LII(I  :]] ,  1{):)(;  (’lkl)lc  1), ‘J’IIc  ]cllgtfls o f  tllc
I  ail~ of tl,t tf~[<t> f];~~,l!l<r~ts t\, 11, slid (~ on ttle two dates

~., rc at~[~llt 10 :Ir)!l 1; arcsf,~, r(s])cctivcly. IIy then, each
I,<\g]rIC[It  llil(l its (I}vlI colII:I ;Irl(l t a i l  cr[llwddcd irl a  corrl-
HI[)II slicat II of rr]atcri; ll [1’){,,  2(f) atld (g)]. ‘I’l Ic sul]ward
, ,lll;i collt  lI,ue(I t,u, dis}tl; ly ii iv(.11 ])rollour]c.ed  sll])ward cx-

t, Ilsioll,  as (Iis(llsw(l if] S e c t .  8.

A d(,tail~d  il(slrillt iort of ~11( collcc.t iorl of 1;S0 images
, ! ~]lc ~c)ll)(~  ‘S llll(ll.a T fril~,lll(llts  is ofiered t)y Roehrlhardt

( al. (Imij. 111 a l l  (xll(,slll(}i, tljv  te]cscopc tracking was
“ to loll(,~v ttif (Il)j(,ct’s  ri,l{lllat((l gcoccrlttic Illotior]  i n

( r,( skj. I’,,r t  lit Irl]iig(> (Illtiiir)((l  l)ctweerl Oct. 2 7  arid
11 c. 2 s,l,:lra(t (lltii<i. sillllll[; ,ll~,c,[ts sky t)ackgrourld cxl)o-
: ([(s LIIL t~(lt av;lil  ~111( l~l{r lIIU, ])llotorlwtric. ili~hts,  how-



ever, sta~~dard stats wexc  observed, so that t }ic {1 ;)IIU . I [II)
be flux calil)rakd.

I)nta rcxluction aud image clcc.(mvoltIt iolk ‘1’li(
basic d a t a  rcxtuction of ttlc CCI) ilIliig(!S ill t  III ,L,]II i
cal  w a v e l e n g t h  raugc ]r]volvcd  b]as level Sl)l)t]ii<  titjr~ :.[id
f l a t - f i e l d  divisiotl. llc d a r k  c u r r e n t  cc)rltritjlltl(,l~  t tlic
pixel  coul]ts w:Ls f]cgligit,ly s m a l l .  Whert, av(ill;itlt [Ii,
s k y  Icvcl correctic)n w a s  liiadc by sut~trac[lll~,  t II( t t jr I(,
spoucfiag riman  coutit v a l u e s  ol)taitlcd frc)~ll tlii I ($( ),\r, $ (,
q(l~si-sitllllltallec,tls  s k y  exl)osures. la a l l  c)ttlct <a~( I II(
sky t]ac,kground was ap]]roximatcd  from the f{)lir S( a-ft tc
arca$ at tllc edge of the respcct]vc cornet exllc)slirt  s 1’1’}( 1)
possih]c, standard stars were used for the IIII(d OIII(t  r i ( il.
ibration of the irllagcs, w i t h  t}lc cxtir]ctiorl (<)rr({ (ic,ll (Illt
not a color correction) applied.

‘~lic Ilichardsom ljucy a l g o r i t h m  (liicllar~is: III l!)’~’ 1 ;
I,ucy  1974)  c>f tllc ES() h411)AS  d a t a  rmlu(  tlo]l  >:fl w, I,
p a c k a g e  was al)plied to tho irllagcs takcll Ilct ~vc<[l I:; t,, [i
toher aad early l)ccc~ll}mr  ]995  ill order to r(~[>lv( 1,(,: ..il,l(
disc.rctc coIldcnsatioIw iti the clotlgated ccIIt I al ]J:,I t (! t III
co[lla. At I artificial tw~di~ncnsional  Gaussian ]1(11111  SI I C(III

furlction (1’S1)  was  colwtructe.d  hy using I II( f~lll w ~~ it II
at-}lalf-rllaxirlllli]l (1~’WIlk4)  derived from I)IIf,lJI tit;< 1 (,-.,
profi]cs  of star trails. IJsir]g  the artificial 1’S1” t~lil tiny

about,  400 itcratior!s w e r e  ]]ccdcd  to ot~taill a st:il  Il(, I <II  1[

f r o m  t h e  h411)AS sharlxrli~lg p r o c e d u r e .  I II t lil~  f:.~1 iot,
tl]c elorlgated central Col]dcnsatioll could II( r(s(,l}( (I 1111 (I

t w o  colnl)ollct]ts  011 tllc best i[nagcs taken l)ctw(YII N(, :’H
arid  I)cc. 2, 1995 [Ilc)ellrlllardt et al. 199G al~(l l’1~,. Y t, l].
A  siillilar deco]  )volutiorl  proccssil]g of the cxl)[,.itt~- Ir(Ir  II
Oct. 27 to Nov. 1, 1995 failed to reveal seljaral ( < oilltt)
satioas irl t lic cent.ral peak, as seen o~i tllc  lICSI itrl;i),( II (I II
tl]is series slIowII  ill Fig. 2 ( a ) .  l’or  an cxl~larlatl{,rl  (,[ I } i.
rlcgativc result tile reader  is  referred to SCC( 8

IDositiollal l:l(!:~sllr(:lllcl]ts. \VIIcl)cvc[  s(J,:lr  ~Lti , ( ,[i
dcnsatiorw were resolved i]] the corns, wc rrma<(lrt(i  i II( r( I
ativc I)ixcl  oflscts of the co]rll)or]cnts with rcf(rtrl< ~ t C, 1,111
briglltcstf colldcrwalion. l~or tllc Nrl’”l’  irna~,(. (Ir{,lll  I  ),

12 o n )  tl]e idc]ltit,y  o f  t}lc cor]dc]]satiorls col]ld  C:i\Il)  1 ,

estal)lislled frorll  tllcir con  figurat, ion arid  I)riy,lll 11(<: 1’1,
n u c l e u s  ~; at tllc eastcrll mid  of t}lc chal[)  alwa}s N:i. 1)1!

hrigtltcx+t colnJ)oIlcrlt, t]]<, r](tcleus  A  a t  t}l(. w(~[,  rII I r  I

tl)c sccol}d  I)rigl}lcst durilig IJccclrllmr 199~,, l)tlt {;li!lt, 1
than ttle c.o~]l])orlc~lt 11 ill ttlc Irliddlc  of ttlc f lItItl  I (lilIIIIj,
Jauuary 199G ( S e c t .  7). I’or tlm e a r l i e r  illliig(~  {II( i], It}
ficatic)ll  of ttlc coln]]orleilts is a ll)ore  d i f f icul t  la~l W!)I{  III

c o u l d  orlly  bc s e t t l e d  by dyl]art~ically  l]mlcllil~p,  I It! Iii}
clear sl~littirlg (Sect. 6).

]r] [)racticc, tt]e [)ositiorial [Ilcasurctrl{,rlts  t.,f (11( i )]

dc]isatiolls were carticd ollt hy c.on]I,uting  l,I,c Ccljt I,] p,x F I
coordiuatcs  of the circular  area (approxitnatcl}  ((rlt{  [< I
ou tllc object ill question) usirlg  an ifltcnsity lf{,ip,l]l(  .i !ifhl

r[lor[mlt of tl]e  f lux  va lues  of  the  i)ixcls  it) t.lle (IIILI t [I
IJclm]lcfirlg  crlI the distallcc I)ctwcea tlIc COIIIIIC)III  I I I>  1,1
r a d i u s  o f  tllc cer]teri]lg alwrture was  chose])  l~(t \\I(rI :i rlll
6 p ixe ls  to  avoid  ]wrtl)rt,atiot]s  f rom hriglll II(W  lI:ilI  I ( f

[if Coil, {t 7:)} ’/,<(l,  \v;  l\.l,  iJllll  \\ ’;l(’lllllallll  .3 5

tlrc  ]Irt]xitrlatt  <(,ll(l(r]siit i(,lj (or co~ldcnsatiorls). ‘1’he posi-
timlal rll(as[ll(rt)(.rlls N(I, I(lJ(,atcxl  four  tirncs per ol)jcct
alId ill~agc, (; ICII tilr)[ u it II a lIcw in i t ia l  center ing  of  the
A[)ert,l)r(,  ‘1’]IIs ],roc(  (ll]r~, u :L< re]matcd for consecutive ex-
~)os[lrcs (if avail~]tllo (III <.ii~ti  Iligl]t.  All SIIC,ll  d a t a  w e r e
;iveriig,e(l  to (.iil((lliit~  tlII II I(I; III IJixel cocmdinates o f  the
crjr[l[j(>r]tllt,s for 1 ]IC rlild(,~~](xllrc  t i m e s .

‘1’al)l[  1 Ii<ts t h e  Scl,lil.it  iolj distauccs arnorlg  the con-
(lensatio]ls n)(a..ur(x]  (III ttl(, ilrlagcx  avai lable  to  the  au-
thors. ‘1’IIC  irliri]isic error {,f t.tlese  rncasurernc]lts, d e f i n e d
t~y t lle ll]:ixi]l]utt]  deviat i(~]i of the individual pixel coor-
[Iirlat m (,f a sitl~,,l(, t]i~,}i[  (I:il a~(t  frorr] their rlman  v a l u e s ,
Ivas foutld  tc, IIC 0 . 0 7  ;lr{\(r for  tile N’1’T  irnagcs in I)e-
(e]l]l,er 1995, 0 .05  a(cscc 10] t]le  J a n u a r y  1996 orlcs,  a n d
().? ii~~s(  ( f o r  t,fl( c:itly, IIC,JI N’J”J’ ohsm-vations. It sllou]d
l,c rl(,t{,d that tile actll;~l ],:,sitiollal  er ror  could bc l a r g e r
!Ilarl  tllc i]lt]iljsl( c,rll [I(C:IIIW-  of l)ixcl  scale charqys intro.
iillc((l })} rcfc)cu,.sitl{: t]i(, tf.l(w((]ljc  arid/c)r the instrument
(I[]ri[lp,  1},(. I)ip,llts illvolv,(l.  ‘111(  .s(. challgcs have not been
(I(COIIIIl(l  fell ‘J’)lc  )/IOIITIIUJII  scale  factor  changes  in the
I\ ’l”J’ i][l:~~,cs :Ire ori 1 }1~  (,I ,l~r (If 1 I)erccrlt. ‘1’hcrefore,  de-
Ixl](litig on tli, I,ixtl sr])ii[;itio]l o f  t h e  cor]dermatio]]s,  a
,.,yst(’l)j;it~{  f,rl (m III t  IIC ]) OS,  I (io]is  of A relative to ~ of up
!:, 0.04 arcsc( in rlli(l-l)(cfllll~tl 1995 and u~) t o  0 . 1 5  arc-
:. c. ill l;ii~ JaIIIIa  Iy 1 $)!)6 ctIIIl[l  rcs IIlt from rcfocussing  the
[ ,1)( i( al systcrli !iiljc( t ILIS S( ah- factor error is prol)agat-
IIIg alo IIp,  ttie s([Iarat ioii \i( t(~r, if aI)~)lics cssclltially t o
I !le ~)f[:.~ls ill ri~,]lt  awcrlsi[~tl. ‘l’lie corresporldiug uriccr-
I.lillli,s ale SLll)St:lll  tiiill)’  s[[!;ill(r  irl dccfi~iatic)u  a n d  a l s o
I[)r tt](, ollscts (d 11 lfliLt  ivt 10 (~, IIccausc o f  tllc ])roxin~-
Ily of tll( (or](l(ll.iifi{,]ls, 1))~ SCill C effects arc rlcgligiblc for
t]le  C<ll]y  ilUa~(S  Iilk( I I  Wl(ll  [tl(i tCl[’SCOllCS  d]lCr’ than the

h’1”1 ‘J’], ( I,rtlirr,irl;trj valtIt Ior ttle scj)aratiorl d i s t a n c e
, ( 1,4 ar(wc 1,, t,,,c(rl (l,, tw,, corll~)orlerlts  on t}le Nov.  28
I;[Iag(,  rc],i)ri(,l t,]) IA(I  (’if: G:{(]  1, was due to i[ladvcrtent
(I+’  c}f al) irrco] Iect l)ix(l  siz(, of 0 , 5 2  arcsec; tljis  error  has
II, )W llct’r} cc)rl(ct ,xl (’J’al,  ]( 1 ). ‘J’IIc l]hotoroetric a n a l y s i s

I.. desctlll~(l ill %t:t  X.

; A(l(li[i{)]ial i),f’(,)rl,:,tiol) (II, tllc lnulti~)lc n u c l e u s

I roll, II:( 2 3 ,  ]$)(”]~, (J!,, tilt ]Ili]ltil,le Illrclcus  w a s  olwcrvcd
‘l. rld tll,c l~rcljr[l{,l  sf]);lT<ll][,rl distarlces and o r i e n t a t i o n s
!I)mrjy, tl)(, ill,li\icll],l ((,rll~~[,rl(rlts  rlleFLsurcd) a t  sev-
, al O}, SC] ~’itto[ If>.. WC,] ](IN ]+i{, it] particular, irl Austra l ia ,
I;(l)a]l,  ,sll)\llkl; l, ,Iritl (1, [ l’J,It((l S t a t e s  (Arizo]la,  IIawaii,
,IIId ‘l’{xa~)} i], a,l(litio]l to }~S()  lja Si l l s .  ‘1’hc o f f s e t s  o f
i I(, c(~llll);tllio~ls o{, ]I]ost (If t tl(s{, i]]lagcs  were derived froln
I II( alw(,l[ltc  ]>(~:.itlo]ls  coll(.itt(l al)d I)ublishcd by  hfarsdcn
{ ]996),  ‘J  IICSC  tal)u]~(i(,]ls a l s o  ir[c]udc  magtlitudes f o r
., ]Ille, 0 [  tll C {oll(l(li,i!tioll~” rcl~[)rted  hy A .  C1al&i, b y
‘, hf. I.;lr>orl 8 (: M’, II(l},tllrot tier, arid  hy J .  V .  Scc)tti.

llcsil(~ tl~( tllrcc II I:i,t(  II (()]~(lcl}sations  A ,  B ,  a n d  C,
:,)l[,e (If 1,]1{.  o]):,i.ri,(~r.>  !(I)OJIF,I I :i(l(litiollal corllr)arlions,  tlut
I,t]c of t  II(se  N a dct{{ (<[I lIy Irl(]re ttltill c)r~c groul) arid

1 V. Scotti (hfarsdcn 1996)I,cy all rtll)ait U]t((,ilfilrl)(,i  . .
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Fig. 2. Exalr)l,les  of lli~h resolution irnancs  of l)/s{ I,v,+,.I,;II,I,  tl aChIIiaIIII 3 ol,taii,c[l At };s() la Sills, ‘1’he individual frames.
present: (a) a decollvolvcd  l,crsjon  of ar] illlagc  tak,[t, I,j 1. ‘Ii;, IIfIt I II wit},  t},, l)ut( h II,!I-IIICt<I  ),li(:ctc,r  on 1995 oct. 30.032 UT,
showing a single  condcnsatio]l;  (1)) a deconvolv{i I v[rh,c,l, ,)1 ,,1 ll,~g,d, til k, 1, 1,} .I. Stor,,, ~{ill, the l)anish  1 . 5 - m e t e r  r e f l e c t o r
on 1 9 9 5  I)cx. 2,065 [11’,  sh[,wilig the colldensati,.,]1~, A (I,l;},r) d,; C; ({) a rtl~ill](<l I[,(r~I({l ilntigc of the c o n d e n s a t i o n s  A
( r i g h t ) ,  C (left) ,  aud F ( b e l o w  C), taken  hy 11. l“, 1; i),fl v it!, t], 3,6-Jr,(rct  rcfi(<  I(,I c,], ]!t!l’, 1)(c.  12,022 ITT; (d) a n  i m a g e  o f
the condensations A (right),  B (]l}iddle),  and C, tal.,  ], I,j )1 })( Irl}l:,rdt  with t14( N’]”]’ 3.:, r,.{ tcI ]ctlcctor a t  t h e  sanle  tinle
t h e  in]age (c) w a s  taken;  (c)  a n  ill]agc  of  t}ic co].,rlcIis~,t~tJ s Y,, !’ a]icl (; (~.. ljc[{,ro, takfr,  I)y IIo[l,ntiardt  with  t}le Nq’T o n
1995 I)cc. 1 4 . 0 3 9  U’1’; (f) al, ii,tagc  of the tllrm c,,I,{Ic UWI] t,. ~.i) t t,y Kaufl wit), I}, ( N’]”] (III l\)9(I  ,lan. 7 . 0 5 0  LJT; and  (g )  an
i]nage of the condensat ions  taken  by I]octln}la]dt,  l{jtllfi  J.. I’ (,  ,Ildflooij :I{;ain witl, tl, ( N’J’J  o], 1996 J an .  3 ] . 0 4 1  U1’. T h e
inlagcs  have lwcn ]~rocessed  using the F, SC)’S hf 1 I ),\<. s{,fi i, ,i,< IJ:’kagt.  ‘1’ht  Corl!lllclll 5[,, ],. () f tl, c iltla.gcs is 0.3 arcsec/n~nl,  so
t h a t  e a c h  of tile frarlics (a) thrc>rrgh (c) is 10.8 art W( (,1+ h L.(C {1  }ti,r{ tllc flilr,cllsi~)lls of (p, ) arc 21.6  by 32.4 arcscc,  North is up,
cast to the left.  l’hc }Iositiorl angles  of the Sun arc 2’/8” CIII III( II ifige ( a ) ,  ?61° on (II), 2[, KG (III ([) and (d), 257” on (e), and
254” on (f) and (g).

tncasu red  a  cc~llcle]~s;lt,ic)]l, callml  l), less  t}~al] ‘Y aI( + r II ,
ttlc c~sl-llc)rthc~sl froTI] C  or] t i l e  inlagcs lakftl WI(II I II
S~>accwatctl  0.91 -Illctcr ref lector  cm l)cc. 27. C; J (;;,1 r<ltl

(hlarsdcn 1995) rc~,orted ar)crthm  ccrl)dcr]sat  1<,,,, :11. t,
tllc east- nort}lca.st  o f  C, sc)rIIc 7  arcscc 011 1 ){( 1  !, :, lit I
8-9 arcscc C,II I)cc. 21, 011  tlIc  il]lagm taficll v;]ltl :111 (1 :“,
meter reflector at l,oo~l]lwrah,  Australia. \Ve I(. ft r t [I I Ill ~~
cornponcllt a.s F,. A s  r]lcllt ioric: d  ill Sect. 3, tll s~is~,{c ~(1
col~dcnsatio~l  W2 arc.scc  tc~ ttle south of  c, dctf  ct~ (I (,)1 1 II(
i n f r a r e d  i m a g e s  a t  1:S0 c)]) I)ec. 12, is rcfcrr~d t<, a< ]’
F ina l ly ,  IJarsoli  & IIergcnrcrthcr (I,arsorl 1996) 110[ i[ { ,1 , , i
another corldtmsatiol),  3-4 arcmc to tl]e casi of t llt ((]tIil,~}
ncnt A, on tllcir irllagcs taken wit}] the 2.3. llw(tr l{ (I ICIOI

o f  tllc Kitt l’cak h’atic]nal  Obscrvatory 0 1 1  .l;iti ? 1 , [III:

co~nl)ollcllt  is rcfcrrcd Ic) l)clow  ass G.

‘, tradit{o][ii]  r]i[)(l(l  f(;i tlIc  sl, ]it cc}llmts w a s  based o n  t h e
-. XUIIIII1  ic)]l  tllij~  tti(,  t al(  01 rcccssion  o f  two f r a g m e n t s

dct,errllilll:d  ( IIt ircly  I)y t II{ irll])ulsc  a c q u i r e d  by t h e m
;! t)r(’iifill],  t])iit i s ,  1,~’ 1 III f c,lll])arliorl’s  (il!itia]) ve]oc-
), I of scj)arati(,]( {rc~rll t}l{.  “])riticll)al”  r]l)c,lcus. AI)plica-
I ~ ]]) cd st alldiir(l  c)rl~it- dttcr r,li]lat  ion techniques, based on
1 ‘is tra(liil(, nal ctIrIcc])t, I(I! rcl)catcdly t o  CIisappointil)g
].u]t. s, ;Ls tile sI~:Il i<il })(,si( i:,lls (If tile rcs~x:ctivc c.omp~
II ]Its,  (,xtra~)o]; it((i I); ick itl ti[lw, rlcver had mm approx-
i  I  Itel! (o)ltcid(d Iv]ttl 011(  another a t  a n y  ilwta!~t  (e.g.,
~ljlcrs I:)?:’,  (;~li~,;,>r 19:,!, ) It tllrrlccf  ollt  that, these dif-
f llltic~  wfrc liIt PJ ]Il(r( ]~l(~[ltl(t c)f c,l)scrvatio]]a] uncer-
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l)istal,cc (All) A  rci;,tivv  (~ ( li  l~d  ,(ive I(I {:

]J:,k  (lJ’J’) of of Col[lct to n o n -  - .
olmcrvatiou  - – — .  – F,ritiorl  ScI>ar l’,,fit

——.___._,____ y:h!(  ) all[:l!

h I LI.  l’wit.
Earth Surl 1(1,410  al+’,lc

. . — .

]9g50ct. 2 8 , 0 4 1 0  1.329 1.064 52° . .
30.032° 1.336 1.078 53 . . . . . .

Nov.28.047b  1 . 5 5 3 1.319 57 (),9/ 2:)<7 ,. .,,
])~c. 2.(165* 1.59{) 1.355 58 1.(1!1 :Ji’il ( ) . .

12.022 1.726 1.448 57 3.K(I )!)(I [1 ;) ‘, , ?[l:to

13.051 1.740 1.458 57 3.81 ?., $] ~ 2(1 2(11.6
14.039 1.753 1.467 57 4,:)4 :)->~ (1 y,~ ,.; 260.8

1996 .lari. 7.050 2.118 1.695 52 lo.2:i 2j!, r, ,1,4  i 250,1
31.041 2.5]4 ],~]g 43 17.0!1 :),10 y> (,,1  f 244.7

— - - - —  .  .  . . — _ _ _  . — _ _ _  _ _ _ _ _ _  .  . . . . .
a OIIly a single cor,dcllsatiw, detected.
b

Sectxtcf  ccmder) sation  ider,  tlfied aq cor, t[,  ar, icm A fr,,,,,  d,, (,; I, III,:  I . . ,i (it ,1, (cf Se-t
c  Wittl  K aufl and  Gmldfrooi  J,

S( :,1[
(ar<.f.

I,ixfl””  1 )
- . .

0 i o

0 ‘1!,

o,:{ i

[1.’to

0.27
(1. .1!,

0.’?7

o .’;) 7

f),:)y
0,:?7

.  .

f)

‘Ii I( .C(IIX, II,strul[lent Otwmwr(s)

.  .. —--.. --_ —__—

l)arlisll  1  5.111;  r)Fosc hfanfroid
l)lltctl  (J $111; C:c:l) hfarlfroid
I ‘S[)/ \l )’(; I: J-III;  !3FOSC2  Ilcinsck
l)ar, isli 1 ‘I tII; I)FOSC Storm
~’1’j’ ;{ ‘, r,,;  I.hihf I lloehnhardt
3  {, Ir); rll}.lhll I<aun
i-i’]”]’ 3.’1 Ill; }:h’rhil Ilochnhardt
h“]”]’ ;{.”,  ]!,; F:hfNfl Ilochnharclt
ti’]”J’ :{. ”,-1,,; I.hlhll Kiufl
h“l””l’  3.:11 [1; t.hlhll Bochr(hardtc

.  .  . . —  . — — _  — _ _ _ _

taitltics, but, h a d  dcc~~cr r o o t s :  tflcy indic:,  t,>{t 1 lj;il 1 tic
basic Ijrerliisc wa~ iilc,orrcct and that tllc )ilo(l~ I  s] ,>l]lt!
fllll{l;irllcllt?llly  be  reviw(l.

lrl a series of j,a]~crs  ill t}]c la te  1 9 7 0 s ,  a II(IICI  III ,(i(l

w:w formlllat,ed (Sckar]illa 1 9 7 7 ,  1 9 7 8 ,  ]979) to illl t. 1}1 ~t
t h e  r e l a t i v e  Il]otiolls of fl;iglncllts of a sl~lil, ((,r]){t If, 1.1 IS

collc.c~lt, tllc rate  at  wllic.ti t w o  rluc,lcar  coIII])(JII(r It!. III It

a p a r t  a f t e r  tficir l)rcaktlI]  is  dctcrrllillcd l~rilli:il ilj :j, a

r[llnor  but dctcc . table  (Ii  flcmrlcc t)ctwccr)  tlIc ( (III{  I 11~111  icui~

fronl d i r e c t e d  olltgassirl~,  to tllc orl,ital r[w~llc]tf ;, [,1 t II(

two oll.jccts. ‘1’llc IIct, cfli,ct is thus o f  t,lIc sarll( Ii;,t lii ~~ ,,.,
the l}ollgrtivit.atic)]~:ll  ]Jcrturl)at, ior)s o f  cot])rlal)  III(,1 ,[,.
Sirlcc  tllc IIlorl)cllt,rlrll  ]Jcr {Irlit mass trarlsfcrl{{l frorll  I( ,IA

. . . . .
sul)li{ilat,lrlg  I I I  ttlc get]cral d]rectmn o f  tllc .SII II \,<k I I( . ;I.

t h e  illvcrsc cllaractcristic. size o f each ol]jctt tl, t III Ii,

cclltric rllotiol] of a srni~ller, less  rll{Lssivc  fraf,]ll[r(l ({ OrII
parlion) i s  sut)jectcd to a  contir)uous  (l(>C(’l  PIii{  11)11  I 1(1

tive  t o  ttlc  l]riIlcillal  r]uclclls, “1’IIc cornI)alli,Jlj  J. i<},  [II 1
ficd t)y tllc l)ositivc valllc o f  tliis dccc]eratiorl  W)lI Ii i 0,
surllcd !,0 vary .&s ari illvcrsc sq~lare  of llc,,fioccl~t ri{ (list ,11)  ~

r
all(l  is Usllally  cxJ)rcsscd ill ul]it,s o f  1 0 – - ’  ttlc  s(~li II ,It I ,1

tiorl  ( 1  I]]]it  =- 5.9:{ X  1 0-  G CllI/S2 = 2 . 9 6  X  ](J” “ ;l\l/(lilj”’

at  1 A U  frori} tllc Sill)).

‘1’tlis rlmdcl tlas Iwcli t e s t e d  cxtcrtsivt:ly o]] \ wl L ,!1)
a l l  c.orllcts  tllatj  arc kllowll  to I}ave dis])laycd II)i]ll iljl~ 1111
clci.  “J’hc rcslllts fo] tlic  21 s])lit corrlcts, f o r  wlli( II I I(  ( .

s a r y  in forrl)ation was aViii]al)]c  I)y ttlc car]y 1$1  S(1:.,  \ {;(
surnrllarizcd i]] a rc, view  pal)cr b y  Sckrinilla  ( [W’1) I 1{!
r e s u l t s  f o r  lrlorc  rcccrlt cot])cts wittl rrlultij)lt  tlllt lti \61SI(

rc~>ortcd  in several short corlllllllllic.atiorls (c jI, , !+!ii~liil,; i

19891J, 1995). A l l  tliesc i]li,(:stig:ltic,r]s led t o  a ({,11( III i{,ll
tl]at prc)jccttd  sc])arat,iotl d i s t a n c e s  t)clwcml  111[  l,!, T] 1 I \
nuclells arl(l a c.ollll)allio[i  cc)ukl oftcrl lw s a l  lhlif.!l  I;y I l),
lllocfcl’s  I)asic  Variiil]t,  ill wtlic}l  c a s e  OIIC SOIV(,S  f{II (t I] i

twc)  ~>ararl]ctcrs:  t  IIC tiril{. o f  sl)lilti[lg a]ld  tlic (~llitI ~ [,

I ial ra~li:ll d(,i c]( r:~tloll of { tic corliI~arlic)n. Ilowcvcr, t h e
},rescll~ c (,f s({ol,{l-(,t(l,r  ( Illcts, cs~)ec.ially in r[lorc  cxten-
~iivcl), (J,scrvt ,1 s]jlit  {(1]11[  Is, l,:L< a tcr,dcncy to weaken
III(, gtllcr:llly lli~f,l) (lt.~,1<,( {.> f corrcsI~orldcr)cc  t)ctwccn ot)-
i(rvati,)r)s arltl tllc t\vo  ~]a[:~lll{tcr  ltlodcl. Acc.ording,ly,  a n
tllll)lovc,(! IJJO{I{I }v~I\  iljtl(~(lllc((l  irl 1978 that a l l o w s  solu-
tions ft,r Ill) t~] ii\’{ )) JIIillll(l(>l  S, w]lich,  irl additior) t o  t h e
:I]ilc  of sl,litli~lf;  a r i d  III( (Itc(l(raticm,  irlc]udc tllrcc or-
lIog(III;  il corllj,ollrtlts of 111, s([,aratiorl velocity. ~orltrary
Il.) tllc t,r<~<liti,]lt:(l ;I~,}IIO<i~  Ii, l!owevcr, tllc sc]~ar ation ve-

l(~city r}ovi colltrll)lltm (,rlly ii slim II fraction of the total
t H’c Ct (Ii], to ;I f( \V rl i/S ill:,l(>il( I of’several tens of n~/s).
‘i’t]c rlllll(i])ar:lril{t{l 11111(1(  1  l)rovi(lr-s  a n  o~)tion  t o  s o l v e

flfst  for :lllyc(~llll,il,:i’i(,lt  (,f f<w[rtllari tllcfive( lrlkrlowrls,
>.,) that at,otal,,[ 31 <iilliltrit Vitri:intsof possihlesolutions
<lri>a\’{tili~l !lc.’I’t)ls  is of  }’ifii! itll~~ortanccir] practice, sincc
t}Ic ]Itll[)l)[,r, tll( t(,lll],(,fal (Iistril)utiorl,  and the quality
[if ol,scl\;i[ic]I)\  (Iict;lt( tllf (otldilicjlls  rlcccssary f o r  a n y

;rrticltlar sc)lllli(,]l t(I (C) IL WIII,  (

;’tlc  illri!lj’si  S 0 1  III(’ OIJS(,l  VIfl I)rojcctc(l  sc~)arations  arriorlg

!)1(: variolls coriLI,f,llcrlls  \VL\ Illl(]crtakerl irl two stcl)s. Irl-
\(,Sti/!,ilt C(lfil St w(rc(,llly  tll,  txtc,llsit’clyot  )servcdcorl(lerl-
,. Itiolls A ,  11, :111(1  (~, of ~vl}i:ti  OIIC k tl)c prirlcil~al  nuc.lcus
1 tlw I)ale]lt  oI)I<M( { irl tl~( f!lst  t)lcak\ll)) and t w o  a r c  c.oln-

‘J’fic c,l,j~cli\{.s V:<r( t(, cstal~listl t}lc sequence  ofJ ;trlic~tls
llittill(, (le., tll(or(l(,l of tll(t~r(,:ikllI)cvcr)tsiil  wtlic}tthc
( ,tIIl):i]IwIw caIIw  irlt(,c\isf(,ll cc ), t lie circiltnstanccs  at the
1 tlws 0[ S,])aritli(lrl,  arl(l  ttlf  I)ar(lll  b o d i e s .  l)cl)crldingon

~j l~icll  of IIIC tl)r(  { [( II II J) LIII(,  IIt S i s  tile  I]arcllt,  nurncrous

k:11(,  a 11]1  ,srt~rl:il I O S  :ir(~ 1)()>  ..illl(.  ]“01 CX:lIII])](!,  i f  C k ttlC

;,. rcrit (:i~ S} IOWII 1){1{1} $), ,? coIIld I)rcmk o f f  fror[] it flrs~
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Table 2. Gmparisc,n ofthc parameters  and rc-.idufil. fI ]t va)l,ussc~l~,tic>)lsf(~r col,l},o],e]lt [! sel,aratingfrom C.
—.——..—.—. . . . . . . . . . . . . . . . . . ,,._, . . ,. . . . . . . . . .

Solutic,n
Parameter .— . . . . . ——

s]) SNI) S):’l”,f R;i i])== “’- -S]: N]) ‘STN1) SRTNI)—
— . . . — — —  .  - .  _ _ _ _ _ _ _  .  .  .  . .-- . ..—. . . . . . . . . . . .

‘1’irne of splitting
f.l,lil (days from
pcri}lclion) –24.73 4.9 --20.0  +1.1 .l~(ll]49 (- 160) ..:{, ~j {/’j +45.8  +3.4
(date 1995 UT) Aug.  29.2 Sept. 2.9 s(])!  :~t>. s (S(p t .69) s[pi. lg.; Nov. 7.7

Separation velocity
V,o,aI (m/s) ( 0 . 1 1 4 , 0 . 0 1 )  l(l(jll.3’3 o.:~4j  0.19 (0.4(:1 03[j (1.52+0.11’
V,*~i*, (111/S) . -~]  (15 i (133 -.0.)14 0.22 .1 (1,4::: 03(!
v,,*,,,” (1,,/s) -. -I O(19 i (131 -.-0.184 0.21

“or,,, &, (m/s) :
- 1.51+0.11

v +0.11  + 0.01 -f(lll{(l(ll +0114 0.01 .{ (1,11:{  [1(11 +0.13+0.01
Dccclcration  7

(units of 10-5

solar attraction) 2.95 0.4 3.34- 0.1
hfean  residual

(arcsec) 3.0.329 +0.086
—-— . .

lndividud
Date U’]’ — . - .  —

It. A, DcC. It.A.  Dt{
— — . . . — — — .  .——. — . . .

1995 Dee, 12.022 -0.16 +0.41 –0.14 -- O.(I7
13.051 + 0.01 + 0.41 +-0.04  - 0.(1?
14.039 _  o.o~ + 0.40 +0.02  -  O.(IT

23.230 -0 .03  + 0.43 +0.09 + 0,(11
23.234 -0.12 +0.42 0 . 0 0  0.(10
24.227 -O. ](I +0.45 +0.03 -1 O,(I4
24.232 - 0 . 0 9  +0.47  + 0 . 0 4  -t O.(I6
25.213 - 0 . 1 1  +0.44  + 0 . 0 2  -1 O.(M
25.216 0 . 0 0  +0.42 +0.13  -I O.(I2
27.228 -0 .20  +0.26 –0 .05  - 0 , 1 3

27.231 - 0 . 2 5  +0.32  –0.10 - O.(I7
1996 Jan. 7.(I5o -0.20 + 0.45 .+0.02 -}0,13

31.041 - 0 . 5 4  +0.29 – 0 . 1 5  40.15
—.— . .—- —.. — -,.

474 1.7 ?.7 :1 0 9 18.0+ 0.8

;l(l  [1;! :!  (1. (lti5 d (L[l&2 40.072
.—. . . . . . ..— —

t,firll ,41 m ~ (arcsc[  )  of th,
.—-.

}i. A 1)[. ““i:A 1 k
.. —.,. . . . . . .

(1 :)/! (((): --o )1 ().0[’
(1 (1!! (1,(1’ +0 (Ii (),0(

[) (1:, (1, [1’ +(lorl O.(I[,
-; (1 ](I -; {1,(14 +( I,(IK 10.01

- - 0 , 0 ] 0.0(1
-}-(1,02 -1 O.(I3

-I- O.():{  1 0.0[)

-1 O.(II + 0 . 0 3

+(1.12  -1 O.(II
--[1,0’; 0.14
--o,]:)  [I.(W

().(1(! -l (). ]1
--(l,]:{  + 0.1(/

.-. .

+31.7 +12.1
Oct. 24.6

1.07*0.37
+0.43+0.22
–0.97+0.40
+0.11 +0.01

9.7* 4.2

+0.071

13 cu,l,lt,  yc,,l t., tmctvations
. .—-— ———

~; A ]), [ ‘“ }L,A,  I)ec R.A. DCC.
,.- . . . . .—-—

0.]7 . 0 (1!, - 0 . 1 1  +0.07  –0.12 +0.03
I 0.0] - [1 (I:, -i 0 . 0 6  + 0 . 0 6  +0.05  +0.02

0.0(1 () (1!) - 1 0 . 0 4  +0.04  + 0 . 0 3  +0.01
.+ 0.0$1 -} () [1:! -I 0.08 +0.01 + 0 . 0 8  +0.01

0.(1[1 -10 (11 - (1.02 0.00 –0.01 0.00
-+ ().03 -} () (!4 -1 0.0) +0.02  +0.02  + 0 . 0 3
-:0.04 -} (1 [}(, -10.02 +0.05  +0.03 +0.05
40.02  -t (I [14 0 . 0 0  +0.02  +0.01 +0.02
-; 0,)3 -} [1 (l:) +0.11 0 . 0 0  +0.12  0 . 0 0
0.[14 () 14 - 0.07 –0.17 –0.07 -0.16
0,09 - [I. (I8 - 0.12 –0.11 –0.11 –0.10
I 0.05 -} [1,11 -! 0.01 +-0.02 +-0,03  + 0 . 0 5
--0.14 + [IO!) 0.00 +0.03 -0.03 +0.04

., . . ..—— —
0 Tile  time of .I>littir,g  was fc,rcecl  to coincide witt, tt,< t,,,,, <,[ c ,,c ; c 1 ,1, , rnfijc,r c,, itt, ur.1, t,j,l,t  : 1(, days  I,efc,re  perihelion

Table 3. Separation parameters of the solutions f,,l II,, , [,III}~AI (}ns  A, 1!, 1), 1;, and  }’ rtl;ttiv(  to C and for G relative to A.
—.. —_ —______  . . . . . . ,, ., . . . . . . ___ . . . . . . ________

B separating from (:
Parameter -.—. — A 1,(,,, c A fro],, B 1) iron, C I fron, C F from C G from A

Sc,]u tion I Soluti[,l, 1 I

Time of splitting t*I,lj~
( d a y s  postperi}lclion)  31.7+ 1 2 . 1  2 5 . 3 4  10,S
(date 1995  UT) Oct. 24.6 C)ct, l&. ?

Separation vclocit.y

Vlo,al (lII/s) 1.07+0.37 1.434  0.2(1
t“~~~i~, (111/S) +0.43+0.22 + 1.35:1 [I. )(I
v ,,.,,,, (1,,/s) -0.97+.0.40  –0.47 + (1,3!!

.Orrr,aI (lrl/s)v +0.11+0.01  +0.10:1  (101

Decclcration  ~ (units of
1 0-5 solar attraction) 9.7 *4.2 (0.1 ,1 17)

Nunlt,cr  of offset pairs
used in the solutic)n 13 15

Mean residual (arcrrec) * 0.071 +0.117

< ‘! l:: (l,  :,)

{ :{ :’1:; (1.; ,,1

:’ /’1:1 o.:, -,
,( I l’(:i (1, [ I

7?.04  1.7 ((, d 3(,
l)r’( , :{9 N(IV 2s

4.794  0.32 -
+2.-/oil  (1.43 -
- 3,954  (1.26 -
-0.104 (J.03 -

343 14 (76 :t 15!1

]:{ 2

,{ [1.102 :1 0.?(
.. -—.- .--— -----

69:}  6,0 17 78.6~2.8
Nov. 23.8 oct. 9 Dec. 10.4

([l 4,1 0.3) - –

-.
-{ (1 4 :1 0.3 —

:<i.7  c1 147 *160 181+14

3 1 2
:10.84 - *0.15

. . .—-— —
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Table 4. Residuals from the solutions for thv cotIIpoIltI,t  )) sr l)?, iting ftw,,  the ],rili,tiry  JIUCI( us (;,
——.. —.— . . . . . . . . . . . ..__ . . . . .—

Residual o-- c (arcser)  fIC~rIIO
— — . . . . . — — . — —  .  .  .

Observation Solution 1 S(,IIIII[)I+  ]1 (}tmervcr(s),  rIII’dsul(  l(s),

date  (LJ1”) —— . . . ..— -. —... ~,ld ol,se]r;ng  site
1{.A. Dec. R.A l)(i

— . .. —... ——.— - --

1995 Nov.28.047
Dec .  2.065

12,022
13.051
14.039
23.230
23.234
24.227
24.232

(+ 0.81
(+-0.34
--0.12
+0.05
+ 0.03
-I 0.08
–0.01
+0.02
+ 0.03

+0.02)
+0.01)
+0.03
+ 0.02
+-0.01
+0.01

0.00
+-0.03
+-0.05

-}0.:{1
-- (),(17
- 0.31
--0.11
--.0 ) ]

-t O.(I8
-- 0.(11
+(103
-{().04

Neinx  h (1;S0)
!,lotn)  ( H O )
})ot’h I,hal Jt (1:so)

n
.

(:ticrl,  Je\~itt (tlallnir  l{(a)
n
h
,,

25.213 +-0.01 +0.02 +().03 .{ (1 (! >

~5.’2]~ 40.12 0.00 -j 0.).4 .! (1(1 ,,

27.066 (-.-).36 - 1,06) (-.1.:{1 I ( ,’) !-cc,tti (l{IL1 I’<ak)
27.071 (-0.93 – 0 . 8 6 ) (--O,*:, (1 } ~) n

27.228 -0.07 –0.16 -- (),():) (11? (;l,el,,  .lcv:itt  (hl;*lil Ia l{(a)
27.231 –0.11 --0.10 -.(),()”; (1.(11 ,,

IY9(i Jarl, 7.o5o + 0.03 +0.05 +0.14 / ~J.]1) I{iufl (1:so)
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0 . 5 -lo --15

01 tS[  I IN FJI:.il:l A$.  Of NSION (wcsec)

F i g .  3.  Models  for tl~en~otic,nsof  t}lcco~:]I,o~lcrltsA  ~]1{1 Ii I,Iz.  Ycto thcj,[i~[,i,ty  ]Iucl<us (:il{ tl(c ti:,jcil,terval  f r o m  O c t o b e r
1 9 9 5  t i l l  Ja],uary ]99fi.  Tbccurv~s re;}resent  tht dJIiti  1111,  i1 SCI1(  Li,  IIIS, ]iste,l in ([ IIUIILIIS  2 (S(>lutit,ll 1) and 4 of l’able3 f o r  t h e

t, ~),1, or, t},c il, dicated dates incon]ponmts H and A, respectively. ‘l’he tick ][iark~ i{l( ]Iti{l, t}, { ~,{++itic,],s  of t,hc <f.}n)Im)lions  fit O

late 1995 and early 1996. ’I’hcdots rcI>resent  t}lL]5  III(i..IIc.l s{,,, ratioi)sc,fA a~l[l tt, ( ]3 III(a\IIICd sc],arati(,nsof J1. Tbescafe
for t}le offsets in right ascension is common to the  t~v~,  C{IIII]) ,11( t.. ‘1’},  csc,ilefol tl~eofl.w(s  ill tlcclillation  i son  thcright-}land
side axis and near the top c)n the left-hand side a>. i. f  ,1 }, a<l ], t}(clowcr J,art of t}icl(fl-)la],c]  Si[l( a x i s  f o r  11.

Colnl~c~~lelits  A al]d C. l}le results Of tl~( lITN(,!II~l,

s u b s e c t i o n  i n d i c a t e  t h a t  the corrlpanion  0 1 1  t}l( NIIIF  LA

a n d  D e c .  2 in]ages m u s t  h a v e  b e e n  A ,  ill wlli<ll ci<, ;t
should bc possible tc] link the barely resolved sc))at  ;~t il]l,.
of the conlpculcnt.s  on these two images with t}I( 0111(1 IJ{

data points to find cmt  w}let,hcr  A hrokc off Lt>]li (’ ot 1!
For either scenario a variel y of solutions was a~,aiij (i(l i, t~
a n d  c a r e f u l l y  cxar]li~lcd,  as iu the cMe of 1) vs. (: ‘]’t~( fi
nal resul ts  for the cornpmlcnts  A and  C arc ]Ircwll[! { lt
t h e  c o l u m n  4  o f  7’able3, wi th  t}lc relcval)t ]tsi(lll,  rl. it,
t h e  co]unlns 2 a n d  3  o f  Tab]c 5. The f i t ,  wlii(tl IS v I,
s e n s i t i v e  t o  t h e  rncasured  s e p a r a t i o n  O n  Nc)v.  2Jt;  , I(il.\( i,

s l i g h t l y  l a r g e r  m e a n  residllal  than in  t})e case of  11 JIS.  I(:,

but all the individual residuals are W C]] wittlil] tll~ Iltllit
of 0.2 arcscc and SIIOW no systematic trends. (~[,rlsi<l~rill~
t h e  difflcuitics invo]vcrf  i n  deconvolving t]le l~t)siti[)ll< of

thc t w o  dckctablc ~oxn~~oncnts  0 1 1  the i]]~ag(s  iiik,  (,ll Irl

l a t e  Novclnbcr  a n d  early lkcmber (Sect. 3),  tl)( III, i

sured offsets arc in very satisfactory agrec[iicll[ \vitll  t!ir

I[cdictcd st,pariit~,)[ls of A f[~ll!l  (~: 1.1 arcsccat a position
LIL~le of 2S3° C>II Nov.  2& aIIt\ ],7  arc.scc  at 2 7 2 °  o n  ~cc. 2 ,
‘Il,e I,t,s\. fit tcI t)l( 1[, ~lj,a~urcd  scr)arat.ion.s  o f  A  f r o m  C
IL J~reSC]l~f(~  ill }:i~,, ~

CoIII], {mcI~ls  A <III(I  II, ‘J’lte p o s s i b i l i t y  o f  t}le  com-

~ ,IICII1  A l}rcaki))~, c,fl frolll 1) tvas  i n i t i a l l y  e n t e r t a i n e d
. the ])rc,llablf s(erlario (StiiaIliIla 1 9 9 6 )1 ttut af ter  the

,< J)arati(,rj  dist;lrl(c for III( NC, IF. 28  image h a d  trccn  re-
}i.cd (s<:([.  3 )1  tlIIs ua< II(I  lol,f,cr  a viat)lc o p t i o n .  T h e
: rollg,esl  Icasoi  I I(,r al)ar}[l(,]tirtg  t,l]is  scenario is its unac-
[,l]tal,lt illllllicii!i(]ll,fl(}llj tll(re<~llt,irlgsollltiorl  in colurrm
!I I:If ~a~I]c3, t])ilt 1.)Ic CCIIJIIIOIIeIIt  A d id  not  ex is t  before
I ~IC. 3. 1’VIII  if tll~ iict~al  ~ll!(<rtait]tiesin the t,inlc  of split-
t[. garcsi~,[iific~ i!lllyp,r(,:,tfr ttlarl t}leforrl]al lfrin’T’able3
i iicat.es, IIIC c~. II III Ion(IIt  A wo{)ld h a v e  ~~ractically  coin-
ci,.led with J! 011 th~: tMo caIl!  irl]agcs, which leads to the
d~,crc[,allcifs  al[~’a[ly ]Ioilltfd out  al)ovc i n  tile case o f  B
v:  C. 111  a,lditil>~,,  t]II  r(Si(]lliL]S,  l i s ted in ccdumr1s4  a~ld
1) I,f ‘J’a})]e  5, ar( (III [II(  iilfIr4gc ]argcr than f o r  t h e  sce-
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Fig. 4. The magnitude differences betwcc[,  t],c (,,i!l},iiiii,ils

A and B and the principal nucleus C as a fu),cti{,,,  ,,f IiI,,(,

‘J’lle solid symbols refer to A, the dotted syIIilKJ~  to 1{ ‘J 1{
squares are t}lc  various ESO  observations, tlIc cir{ 1{s al , I },(
data prrhlished try other ol,scrvers.

Wachnlann  3  w a s  found tc, be c l e a r l y  cx[{r,d{cl  ,,, tuc,
d i r e c t i o n s  (Jloehn]lardt &K Karrff  1995).  II, t}, ( s,’, Ity
8.7 arcrnin field, t h e  lnain tai] appeared a t  a ],<,~t[ i,,! a,
gle o f  8 0 ° ,  n e a r l y  cc)incidcnt wif,]l the ]jro]{.)ll{~[,l  ri, ii j<
vector (780). lU additio]l, a sl]orter and slig,}ltly wicl{ J $,( <

ond tail  pointed in an aIJ]Jtoxitnately si]]]~iild  ilir( (, i{:],
Its ]argc-scale appearance can be examined o,, exl,(,!. ,Ir <
taken try Jagcr ( 1 9 9 6 )  with his 20-c1n  SC] II IIi{lt (;i IIlt. I i{,

A S in the case of any otIlcr antiiail, f,his feat~llc’s sIIIt\*.~1  {I

orientation is an orbital angular momcnttrni  c flc( t oil .iu <(
par t ic le  mot ions  caused by t}le long-t err,l a{ t i{,r, (,f : ,l;i~
radiation pressure and crlllanced k>y favc)ral)!c  ]))c~jr( \ if II

geometry (e.g., Sckanina 1976a). If such geo~[wt ry ii]  ~t IM .,

this effect shows cs])ccially J,romincnt]y w]jcr, l;ar 1 )) 1 I ill!
sits across the cornet’s orl>ital plane, at which tilllt tli(  I( r-
rcstrial observer views the thin sheet of dust cj{ct;~  c 1 ~,1
wise. F,arth crossed t,llc cml)ital  plane of l’/Scl Iuti.<s  II I;. III I

Wachmann  3 on I)cc. 2, 1995 and when tl)c I)CC 11{  Irlalt
was takeli, the terrestrial olmcrver was only IQ, ? av a> fl {, 1,
the  p lane  as  seen f rom t}le nucleus .  By  Jan 7 tll[ a,tr,l~
increrw.cd  to 30.1 atld by Jan. 31 to 3°.9. “J’}Ic ]ll(j(,r  ml(
of the projection effects in the antitail oriclltati:)l, cl{ lh;  s

. .
cornet is lrld]cated l)y the fact that the angle  ttlitt  t)I(  Il,i\il~

body of the ant,itait  (whic]l was pointing away f’I(,Ii  I ) a t I )

subtetlded with the antisolar direction in t}lt (t,til{t  ‘s (,~.
bital p l a n e  was o n l y  bct,wccn 4 0 °  and 50° ill ])[r{ffl)I I
and January.

The  o lder  the  dus t  ],articlcs, t h e  greattr (I,f ;tr~(,
by which their loci lag, relative to the nuclc~ts,  “l,(]li,,(]
the radius vector (i.e., toward  the  comet’s  rci,e)s( v~l:,(.
ity vector). Also, the smaller the particles of a [;ivc)l :~{~~ ,

the larger the effect of radiation pressure and tll{ p,t{,iitr
t h e i r  d i s t a n c e  frolli the  ccJllIet at a givc~l tit]~{ )l{i(~
v e r y  o l d  partlclesj w h i c h  a r c  still sif, uatcd ill t]l{ ~,1,,~

intity of the co~rwt, arc ]Iccessari]y subjected torelativcly
Il!in<,r ~f[eck of radiat. ic,)l }Iressurc  arid  nlust t}lereforc  b e
r a t h e r  large, ‘1’llc ~)lirticlcs  tyllically  ot)served  in the anti-
tails of (mr]wts,  ilicludi[l~,  l’/Schwmsrnanrl- Wac}lmann3,
a r e  slll))!)illilll{!t{r-  to rllill]lllet{’r-sized,

A  dcdica[<,d  study c,f tt, is cc,lllct’s antitail is not rrn-
dcrtakcl, in the fraIlw\vt}rk  c)f t h i s  i n v e s t i g a t i o n ,  b u t  i s
dcsira},l(, ][cre wc llll]il  our  attention only to cursory in-
::l,e(ti[,r, of a fev; irl,agcs }Ictwecn  late October  1995 and

the cnd  of Jallu,+ry 1{)96, II) I’ig.  5  w e  p r e s e n t  exarnplcs
oft)lc wide-fr[ld c(~~ll[]ttttr-])r(,ccsscd  inlages taken during
t}lisr,cri[,dc)f t,i[~wat  };S()  J,a  Sills. The antitail is clearly
:tppatcnt 011 t)w  l)CICIIIIN I. JaIluary iniages. The posi t ion
angle (,f its n)axi[llulll cx[cllsioll  is rncasured to have been
;’50’”  c)n I)cc. l:{, sh~fti]lg t o  2 4 0 °  by J a n .  7  a n d  t o  2 3 5 °
Liy JaII. 31. C)I1 t,l,c (o]ttrary, t.lle Oct,ober  image  dots  no t
h}iow t,tlc antit ail at a]) arlti  t ]IC hToverld}er image d isp lays
t.,]l]y it% very tellllol)s trac(s ill a westerly direction.. To
Ilnderstalld tliis (,vidcrlc(  p.]id tc> offer at least an approx-
l[na[c cstimat( for t)lc  agr of the cjecta c.ontaincd  i n  t h e
iirltitiiil  V,, (, SO  Ifllrliiri7C, ill ‘1’at}lc 6, our calculations of the
I,rc,jected  c,ri(rltatiol, ])at tc II] for the lc,ci of dust particles
,lectcd at difit  r(llt  til]ms.

.- ..- . . . . . .—-—
l’t)sili[lr, arIf,lc  Of ejects loci on images

l;jtx  t]cjl, tinl,. --
. . takt [, ir, 1995 taken in 1996

1..,,.1 - 7’ Dal(  . —
[days”) lg:)~, (), t.?h Nov.28 l)ec.13 .lan.7  Jan.31

..- .- —.. . . ..  —- —————
-200 hfar.  (i :!8!1” ?64° 255° 247” 243°
- 15[1 Apr. 25 :):) ] 264 255 247 243
- 1(1(1 June  14 :1 <):< 2G4 255 246 242

--(!(1 .lUly 24 :{[)(1 ?64 255 245 241
-. 3( I Aug. :~:i :+4 :{ 265 254 244 240
- I(,L S(.pt  6 64 ~~:, 253 243 239

[) s(.pt,;~:? ~:) 272 250 241 238
+15 (M, 7 95 7:) 227 236 235
-f :{0 oct ;):! 9 b 81 85 220 231
..—. -. . . . . . . . . . .- ——. ————
lk{]i~,s VrCLtIIc g ~) 82 7.8 74 74
..—. ,. -.. .

C;ofrlr):,risoll I!illl tl)( (,}wcrved  p o s i t i o n  a n g l e s  o n
l)rc. 1 3  Jarl. 1’. PA  IIC1  .la  I1. :<1 yic](ls  for the dust particles

I +Iat pol~lllatc(l  ttlc rl~airl ll(Nly of the antitail a n  a v e r a g e

‘,ic.tiL>ll iIIIIC ~~f ~ :! 8 (lays :ift~r  p e r i h e l i o n ,  t h a t  i s ,  t h e
, IJd O f  .Scj,tcrl)l)cr  or tlif  t)( {,,il~llilj~,  of october ] 9 9 5 .  ‘Jlis

tIIJIC  coili( ides with t}Ic o!lttlurst phase c)f the light curve
III  l’i~. 1, I,rec. rlir]<, its )~eal t)y al)c)ut  tv’o weeks ,  and  of-
f< )s fllrttlc~  cvidc[lc( ill sl)~~],,:jrt of tllc conclusion that the
[ ,,lnct’s a( t ivit) rcr~~zill((l t,l(,vatccl  for a lo])g p e r i o d  o f



titllt fOllowill~: l}IC (VC rt~’s cJIIs(t , al least several weeks, M
also  do[ ~llitclJt< {1 I,y [It Ii(r  [~lmervations,  Ilcrwever,  b y  the

CIId  o !  .Jiinlliil)!  1!)9G t}i( fius( I)rc]rfuctior]  nlust h a v e  de-
creased drarllit ica]]), l,t,~ JIISC tile cornet s}]ows no longer
any ordillar) (e:u<[{-r]y) t iii]

‘J’]Ic. fact tllilt  II(I ol,vi{]lis  alltif,ti] S}IOWS 011 the first ima-

ge irl l’ig.  b, c<,rlit]ilifd  wittl tlic Ctist, ritrlltion o f  o r i e n t a -
tions (,f ],articl( lc, ci irl ‘1 at]]e  6, signifies a generally lower
l e v e l  (,f dust  J)]~){l~lcti{,I1  I,cfclre  p e r i h e l i o n  and is t}iere-
f o r e  C(,l,sistel,t  v;it]l  III( il,forlriatior] fronl t}le r e m a i n i n g
jrnaf,  es ill tlif f![:utc  )], t~r~st.  irlgly,  t h e r e  i s  no i n d i c a t i o n

on  lIIC  (Ictc)l,(r  lrlla[,,(  of itll  J’ excess ta i l  ex tens ion  in  the
sec. tc}r twt ~w(ll  t I]( ]~(}..i{  it~i] ar]gles  of 6 0 °  arid  90°, w h i c h
flua]itati\, c]y SLI/~,(,SLS  ( ]I;  It r}o ]arge  ~rr10unt5  of dust i n
[Ile }iur]({~ed.  rflicrc,rl si?< rarl~,c (whic}i would  show u p  i n
Illesc  dirtctioljs al t), f rdclarlt distar]ces from the nucleus)
~rert, e~c( ted (IUI lrl~, the filsl t wo weeks following the on-
s e t  of tlIe  c,u( I,llrs(,  (,vtfI 1 lIoll~, }I t,lle con)ct’s brigt]tness

~;as I,y ttlcrl  i:]r(a(l~  c}ev;  i!(( I I)y a few magnitudes. Nev-
(rthe]css, evi(l{rl(c for ]~rell:ri)lclior)  production of dust is
I c)t eIIi ir.ly rlf gativ<  ‘1’tl( lt,slllts in l’ah]e 6 s u g g e s t  t h a t
I Ile rlorl~,~itioll  of t.tl( ccl)t ral condensat ion a t  a  posi t ion
“Illglc’ Clf -. 2$)(~(  , rr](rjtiorjcd ir) Sect. 3 and clearly evident
(III t)lc  d[.[orl\,(jl\,ecl  ilil~. ,(~, of (Jet. 30 in Fig. 2(a), can be
llltCJ])li,t~(]  as al lltlcgraicJ effect  of  the  gradual  ac.cu-
)I]ulalic)rj,  over v(,ry loh~, ])criods of time, of fairly large

l$~llt)ct’rl tirllet(r-sizc[l arid ],crllii~,s  larger)  dust  par t ic les
IIorr] e~lrlj  ~,r<;,[,l itlcl)(,ri {rllissiorls. q’llis i s  a n  indicatiorl
t  Ilat tile fratllre ]Ia< I)c,[ )i)l)~, irl conlrrlon  w i t h  a n y  sec-
l.,:idary  c(,r,dcrl~a(ic)rl  irj c,,l(i})lete  agrecrr]ent w i t h  t h e  in-
Ii,:perldrrll  cor~(l~lsiol) ill ,S(r[  6.

T}lcir,iagefitak(r, ]Icar t},c tirlleof t}le FJarth’strarlsit
,( ross  t II< cc]] lmt’s  (Irl]il  iil  lIlaIIc  a r e  o f  p a r t i c u l a r  inter-
-t, tlrllor[~l]la{el!,c~r  tlI(  flr.rl)e  frc)rn I)cc. 2, takerl  s h o u t
i;’l,c,ur.s  t,efc,rt  tllc tra), sit  (irJw,  the  riuclcus  i s  s i t u a t e d

. . . . .
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of  LIIC ant i ta i l  would  ucarly c.oiucide  with ttlc l<)<  al i III {If

the con~l~anic~n  condcnsaticln  a n d  w o u l d  bc I;LI p,tlj  0111 It
c r a t e d .  IIowcvcr, very faint traces of the ;i]~tii.i~]l  :11, dI

tectahlc on the in]agc of Nov. 28, exhil)itc(l ii, )’r~, ‘(l:).
Its faiiltncss can in part be explained by the l“ii~t t III( .IIIIY

dust grains cxpcllcd before Oct. 2 (9 days aficr I,{ritl,  ii,],
and ear l ier)  w o u l d  projcc.t to the west c)f tlIc 1111(.1(, I\ ill

t,hc period of tilnc near the transit (“1’al~lc 6).  ‘1 lli~ lit) Ilt
v i r tua l ly  coiuc . ides  wit]]  tllc average ejec.tiorl  tl[llt  tv~ (,1,
taiacd for the rnaiil  body of the antitail on t II(, SIIIXI  (11( III

. .
ilnagcs and ]Inpllcs that particle lc)ci for the {jc(t it~tl t III1(S

near the critical date of Oct. 2 arc greatly fot(;l,t,j 1< III II,
. .

co~npllc. atlug thclr de tec t ion .  A rnorc dcfi]litc r(,t,,.11..i  ,1!
would  requi re  all extcl)sivc inves t iga t ion  c)f t t!i~ UII IC, t,

wllic.h is outside the SCO]W of our pa~)cr.

9. Outgassillg rrrca rrllcl tllc x~llclc)ar  dilllelisi<~l~<.

NCNV t h a t  t h e  tillw litlc  o f  tllc clcwatcd activ)tj, i. t t;.1,
listlccl at least qllalitative]y, we turn our at l(r]t III, 1{ 1 Iii
difficult prohlcnl  of how large an area of tl,< rIu~ l(ill  st, r

f a c e  w a s  invcdvcxl. Chovisier ct al. (199G) fiil(l t Ilill  III  lr
p e a k  i)rodllc.tio]lr ateofllydroxylr lo~llirlall yi~ll I,llt.. I(II  (IIP

Wak!r-prdllc.tion SOUrC.C’  all OU~&LWirlg  FIrf.  a of ,.  :{[1 ~,111”,

wII]cI1 they  find  )I]corlllmt,ll)lc  wltll the rluclcl]s  tliJII[ ~]-.ior~s
d e r i v e d  fror[] l]aldct’s (]$)30a,lJ)  uuclcar lrl:,~,rlit~wi~  [st]
m a t e  rnaclc cfurinr,  the cc)rnct’s  CIOSC aI>prt,;tt-ll 10 I 11111
in 1930 atld  point out, r-orrcctly in our c)]~illi~l)l, ltlw ltl~
l a r g e  irlferrcd sut)lin]alic)rt  area is a conseqllc]l(c c,( ~lit~,

. . .
mclltatl on, Ilwa.surlng  slglllficarlt  out, gasslllg corii rll,lll  I(IIIS

frc)mcjcctcd icy grairls.
\VtIilcw~cagrc(w’ill] C;rovisicrct al.’s(l!l!l~) 1,:, s I I I

tcri)rctatic)n oftllccficct, our careful arlalysi~(~ftll[~.1<  lit
c)f t}lc’ oulgassillg source that i s  ncccssary to oxl~l;lir  tll{
p e a k  prodllction rate leads to an area sorllcv.llitt  s[l)ll,r

tlian30 krr12, as shown below. Although it is \ir[\l:Lll!  (,r -
tair]ttlat t h e  actiwitiorl(lf t]icsourcc l)rocrxd(:~l ill ~lIs r{ :(’

s t e p s ,  tllc stcc]]r)css of tllc il]it,  ial  p h a s e  o f  t}){  {)11  l),{)

duction cllrvc (I:ig. 1 )  sllggcsts tliat ttlc CX1{IIII{ II N (II(()
rcspor)siblc fcm tllc p e a k  crrlission r a t e  car( I)! ]ll(~cl~ll  (1 ii<

if activatrxl  sudd(’llly.  ‘1’0 fIIld  its outg. wwirl ~’, aII. i ,1 Ill; il
s a t i s f i e s  a  total  w a t e r  ]jroduction  rate Q, w{ C(III>III(  I (II{

s o u r c e  t o  t)c c.ctltcrcd  c)ll t h e  sul)solar  poirlt  ;tII(l  II. I((II; II

cxtcl)t  c)rl ttlc  sl)llcrical  rluc.lcus,  o f  a  clialr)<tcl  l) 1 I II(
lilnitcd by the Sun’s Zcllitll  angle Zl]*,,. ‘I’l Ici  I

A ~ +TI~2(l  –C.C)S21i],,  ). 11)

A  sirnp]c IIIOCICI  c)f water sul)lirnat,ion frc)rll 1,0)11[  sI,r,s
on a  colm,tary llUclclls,  Wlllcll acc.c)ullts  fbl III(  Villl i!’ I(IIIS

irl tllc rate of olltga.will~,  wi th  d is tance  frc)lll tll~ SIIII  I,liir
]~oint a~ld wllic.li i s  bawd o n  t,tlc ;Lssurncd  (rl(rv,) 1)<1’ II, f

hctwccr]  tllc irlsolat,iorl  c)]) tllc orlc  harld  :iIId 1}111(  ~i(~r

sul)lirlmtior]  and thcrr[la] rcradiatic)n oll tll( <~llt( r v ,1~

forr[mlatcd t)y S~kal]i  Iia (1988). ‘J’llis tnod(l is IILIt F,I]I, I-
alimd to an exterldccl  sc)urcc  of any size SIIIill I I tt, (u (tl(
a r e a  o f  the sul]lit side of tllc r]uclcar surfacv ‘I’ll{ r]iol(l

{,frcIs art cxl)]{,wi:}rl  [01 ttl( slll~lirllatic)rl  r a t e  p c r  u n i t  a r e a ,

,ZO(T),  at ttl[sllt]:;[)l;,r  I,(,illt at a IIelicrccntric  d i s t a n c e  r(at

:~rl a<s~lr]l(d all~c(lo O( () 04 ;IIId f,r[lissivity of unity) and al-

l o w s  olIr  to (;!l(”(lliit~.’ ttlc slll)lirl]ation rate ~wr uni t  a rea
Z(2, r) at tlic Sur)’s 7crli[li  a],g,lc 2 i n  tcrlILs of  Z~(r):

;;(2,1)=  Z“(t),  ( ( z  !), (2)

~;hcr(,

v:ller{, ./(7) is k fllllcliorl of }Iflic)cclltric  (Iistftrlce  only.  llle
;~l)l)loxilri:ltic)ll  for I:i!p,r ~tilit tl itliglcs  is of no consequence
jr, Ijra(ti(e. l’(,r T  <: 3A\’, 2~[it is C)llly s l ight ly  smal ler
tlirtn  9!1C’.  ‘1’111  w;lt,er Sllllllllliitiorl  ra te  pcr  uni t  area  avcr-
;Igccl over tl]cvrltirc s(,illc( is !I](,lI

Zli,,,

(z): - -~(’ /1 . C.(l:. 21,,, , (,
~(: ,7) sinzcfz

(4)

Sirtc(. ttlt ~,r(,.ll,ctioil  rai( of \vatcr frorrl  t h e  s o u r c e  i s
Q = (2)/1, tli( < x~,r(,>:ior] (4) call hc r e w r i t t e n ,  w i t h  t h e
Ilclp of ( l ) ,  a~l f(’llc)w>

120
: 3. fljl  (ij(()>2,,l,,  - :’I C’0S2Z11*,,  ‘- 2j COS3211,,,.  ( 5 )

;1 Z[, 1 ):’

}’(jr a ~,iv(tl ])r{)dllcti  ,11 riit ,’ Q iit  a IIclioccntric  dis tance r
r,(wlll(tl (l~firl(+ ~:) arltl j), tlils cul)lc  ccluatloll 111 COS Zlir,,

. .

:~icl(ls (Irllj  ori(  ~,llysirally rlltilrlillgf~ll  roc]t,  which is afunc-

,.11(1

(6)

(7)

(8)

‘i’hc out{’assill~~ ,il{a A t II(I1 r(slllts frorr] (1) with C O S  Zlir,i

fronl  ((;) ‘1’11(  r),,ltit,lllr,j rlll(l(’iir  diall]ctcr D,r,i,, t h a t  sat-
f~fic:; a ],iirti(lll; ir Y;ll\ll (,f t II( JIrc)ductiou  rate Q ( r )  at  a

IIcli(wcrllric  di~l;trll-c  r is ( ill(lll;lt(’d  fror[l  ( 5 )  a f t e r  Zlj”)  Ilas

II C(:lI  l(lllil  C(’(1  witlj ;C,,L

‘J’IIIS r,,c)d{l v;;t~ al,l,li(~l  t{, tllc Iwak  ],rocluc.tion  r a t e

I ,f v :tt~l Iro]l,  l’/Scll\v:~’.sl[L:trill 1$’ac.})marln 3, which  w a s
;~ssur[l(  d  tc) l)r I.(]\liIl ((I ilII IJ(:ak 0 1 1  ])roductiorl r a t e

.lf Q : ?7,’2 >. lo?~ 11101/s, as lrl[asllrc(l t)y (.;rovisicr  ct a l .

( 199(;) ‘1’hc IIsu]ts alc ljr~~flilcd in ‘J’ahlc 7 .  ‘1’hc srnall-
,.. st (. fl’(c[  ik,c r,ll(  1(, ar (Iiarli(,t,r  t])at, is corrll)atit)]c wi th  ttlc
t.rlt,ir(, <,]}s!.rv(  4! only);  t<\il l:: iirt,:i I)cillg  due to tllc emission
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per unit area,  outgassiag aleas  of activated sour~t,  iIII(l  1111 LIIIF,

zcaith  distancw  of tlIc .SU II t h a t  s a t i s f y  the w a l e  r  II 1(111 iI tI III

rate  of 2 2 . 2  x  1028 mOl/s  at a hc]ioceatric distarlc t. (,I (l!~~ A Il.
———————.——  — ——.—— .
Effective Srrbli)rlaticm outgassiag Fractiotl  o f  l.lrllillll:
nuclcrrs rate per unit area of the Iluclcar 7(111111

diameter, surface area, activated surfa<( al!~,l!  (11
r source, A activ{ 1}1( $,11

(:,)  ( 1  ~2’ll!O’&112/S)  (km2) (JKTtXllt  ) ,Zlil,
. — —  -

4.2° 0.84 26.5 48* ~, 0

4.5 1.15 19,3 30 () “,
5.0 1.30 17.0 22 :,(
6.0 1.45 15.3 14 4
8.0 1.57 14.2 7 :{ !

10.0 1.62 13.7 4 :),:
——-..—— .. —.— — — - . — — .  -

a h4irUirnurlB allowcil rlrectiw  [Ilarrlcter Dr,, ir, of tl,<,  r,,, < lt h,.
b

1%+2  ent i re  sun l i t  Ilerl)isl,t,ere;  the f r a c t i o n  i5 less  tl,:lt,  :)[, [,,,.  ,11

because of the cnl[,lc,ycd  al,prc)xin)ation  a t  2 N 900 II, I :11 (:+)

source  OIL Ltlc nucleus surface (and Ilot, ill ]}ari,  1~, {I f 1,111(1
o f  ejcctccf  i c y  gri~iris)  is 4 . 2  kin, in which { ;:<, I},,  ;(1.

cfclI activatjioll would have involved ttlc wllol( SiIIIIIi t (tti
sphere, a very unllkcly case. A more realistic sce]l;,t  t ,, l,~,iI  I,

kss than  -’2(I  I>crccllt  of L]IC  surface i[lvo]vcd,  rcflllil  1 L 1} ii
L]Ie mic]cIIs hc  IIIOJC  L}larl 5 krll a c r o s s .

T h i s  cstil]late d o e s  llc~t c.olllI)are  favor allly  VJ[ II IITII
itcd  l>llc)tc,l)wtric. cvidcllcc. A s  illtcrl~rctcd  l)) !+l.~ !,i II
(1989a) ,  IIaldct’s (1930a,h) visual ol,scrvati,r, ,, ;1, ,,:,,1,
the t33-clll r e f r a c t o r  at Mcudo]i at the  ti)lw ,:,~ cl): s :.{,
prc)ac.h to ]arth in 1930 i:[ll)lics  an effective llllcl(:il (d IaIII

etm about  f ive  tillws as large as IIaldet’s rcsllll OJ {1 4 LIII,
when  one  u s e s  a  IIloderll value of 4 pcrcc lit fo[ 1 11(, ~,t i)
m e t r i c  alhcdo and wlIcm  OIIC c o r r e c t s  fcm t)l[ sol;:r  1 1 ,;:.$.
~ffect,  w h i t . } 1 ,  alt]lo~lg]l  \’er~  sig~lificallt, WiL$ ll(~,](?t(  I !1)4

IIaldct altogctllcr-.  C)II  tllc othc!r  h a n d ,  quasis]tc( ~ll;ir r III
tion frorll  isolated, rclativc]y bright, rllullifa{f({,,l s1){ \ of
< < I  krnzoll the t[ucleus  c o u l d  a l s o  account f,,[ tl,( t ,1-
Iilw ol)jcc.t  d e t e c t e d  l)y IIaldct (Sckallirla  19s!):), v. : II
tllc Illllct] d a r k e r  I)ulk (,f tllc ll~lclcar  stlrfiii(  lI;i\IJI:,  I{

tnaincd u~lrccognizcd I)y llirn  on acc.ou[]t  of a I(JIY {(JIII  I iit.

III t]lc  ]ig]lt  c)f I]ICSC u[lceltailltics i t  i s  rctlla] L;III, [1,:,1
t]lc  colnct’s ~)rig]ll~lcss  a t  Ltlc tilne o f  its r<{ {)w 1) I I I  IZII{

1 9 9 4  (llirtilc e t  a l .  1994)  il]l])lics,  M SCCII Iloltl  ‘1:11  II K,

a n  effcctivc IIllclcar diallmtcr  t h a t  i s  virtll:illy  i{l{)ll] ,kl
wi th  the value derived I)y straiglltforwar dl~f illl~l],r 1 111~,

IIaldct’s r[lagllitlldc cstilllat c as  referr ing to  I II(  CIII  II 1111

clclls. ‘l’tic agrccllicrlt i s  i]crfcct whcll Ol]c Llw’s ii }’ikl  I( ( If

0,035  l, Iag/dcg f o r  t h e  cocflicicrlt  of tl)e sol,,]  Ill,;,.,  I;. v,
‘1’]Ic c[np]c~ye(] awlll]ll~tio]ls 011 the gcorlmtri{  all~(,i(,  } w~l
the J)IIMC  S]0]1(>  ~ arC bZLSCd  On the rCSU]k O f  lCC<’llt  1111 II I Is

illvcstigatir)lls  o f  1 }’/l Iallcy a n d  a  few ])(,) io(ll< ( (III  I s

o f  low a c t i v i t y ,  sllc.11  a.s 21>/11  ICkC, 71’/1’(1]1>,  \l’l]jlLf< I II

101’/rlktIII)Cl 2 ,  281’/NclljrIlin  1 ,  491’/Arctl(l lli~,itix WII.1

C/19t33 Ill lRAS Araki-Alcc)c.k ( e . g . ,  SCliiIIIIII:I l!n’~111

‘1 Colll(l 7:{1’/s(  hJ\asslllallll  J1’acllllla[ln  3

19S9a, lf)(}l, IIitl,[l(r (t iii, I ‘18f),  ‘J’okunaga  & IIanncr  1 9 8 5 ,
l~rookt. ~’ Krj:tck,,  1080, Ihl:ItIw]c et a l .  1986, Sagcfecv  e t
i l l ,  1$)86,  IJirk,  tt (t ;il l!)s”I’, (;arrll,iris et al, 1987, Jewitt
S ,  Mc<( ], ]98;  ]!)88, \,,tl(r ~t iii. 1987, hfillis CL a l .  1 9 8 8 ,
!\ ’llcarrl ct al  I!)SfJ).

‘]’1[( t[sult~ flolll l{irklf ct al.’s  1 9 9 4  and IIaldet’s otJ-
s(,rvati{)lls  art s(,t,rl frol)l  ‘1 al)lc  8 to he in  excel lent  agrec-
II Ienl  II] addil loll, the illl]~li(’d Iluclcar dirlwrlsiolls are con-
sistc~ltly  al]d rcrttl(.r tiy,lltl~’ colistraincd t)y t h e  olxcrva-
I icms f[c)]l} Mii Icl I 199[)  ‘J’}1~.  1994 data points are the nlost
l{lc~atjt, irl p~~rt I)cc.tllsf <,f tll(ir high quality, in part tlc-
( ausc of their rv lativc illw IIsit ivity to errors in the solar
1,ll~s.c law, E;v,,ri  if l’/Scl)iv~isstllarlrl-  Wachrnann  3 should
lavc liad  oIIe of tllc (liirklS[  c(,r[ictary nuclei, with a very
:,tml)  SICIIIC of it< })tiits[ ( III i’c, it still could  not have treen
I(lor(: ttl;~rl 5 kIII acrus<  }1(  fc)r( tile rccerlt sl)litting, t h e
I,cst guc~> l,cill~, sc)lrl{ Y :{ kIII, ‘1’llis r e s u l t  poirlts  conclu-

sively  to ttlc II IC-I’IICC it} I III  COIIIa  of an extended source of
Ifesl(ly  clcctetl i( y gtai]]s, v, IIictl co~itril)utcd significantly
I() tli(c water l,r(,.1~1( t i(l~l 1 :](c I)caking ill t h e  e a r l y  stages
(’f tllc colllct’s Ollll)llrht

‘1’IIC firrrl (OII(IIISI{,  II to WI II(II ollr  irlvcstigatioll lellds sup

I,ort  is tlIc  i{lrllifi[itti{,l]  {I( tllc co]tll~orlclltj C wi th  the
IIrirlc]]lal  II II CIIUL iri ivlli(],  I])ost c)f l]lc  ]nass of L]lc or ig ins]
I OIIICt IS corll:~il)t,(l. l)isl)ll:..ill~,  the solution for tllc corn-
I,arlic]tj  1 (co1(,II,I1  8 (,f ‘J’;tl)l~  :{) as toe)  unccrtaiti t o  t a k e
s(,ri(,llsly,  t,tic (:i[licst  lIl(,iIk  III) <,vcIlt  itivolvc(]  tllc coil)[)alb

I MI ]1, wlliclt  sl,lil ofl ]11(1.I Illot)iil)ly  irl la te  Oc.tobcr 1 9 9 5 ,

V;ith a 10 ulic( rl:iillly of II( :~rly two weeks. ‘1’his event,  was
iollo)v(d  cIos(, I.v I,y a s(,[ol)[l:t]y  l)reak~lIj,  ill ear ly  Novcrn-
I]cr ]!)~)~,l ill ~+lli~t, tllf ])ar(llt ~: g a v e  birth t o  t h e  com-
IIani(,l,  A It cYcti is ],(,..,il)lt that bot]l colll])arlions b r o k e
t,fr frt)til  (; Silllll  llilll~’(,llSl?  ‘1’lIr  slls~]cctcd  corllparlions 11
;,IId ];, jf p,clltl)rl(,  s(, j)ar;it  ((l  frol[l  C llmst, ~jrobat)ly  i n  l a t e
‘{ C) V,,  IIIIN r , \vllilt (; is lik( Iy to ll:ivc  split,  off’  f rom A in
, ar]y 1 )c ,rlll,~ I ‘I’ll! (1(1 i\,,l (Ii flcrclltiiil decelera t ions  im-
;,ly ttl:tt  1! slI)lf(l II( tlI~ llmt r[]a.wivc corrlparlion  arid
:tl(.rc  i~ a clI:lirI tli:it it hi ill \vill l,c ol)scrval)lc a f t e r  t h e
,-o][lrt  crllfrgtl,  iri J 1111{  1!0(;, florl]  tllc corljurlctiorl w i t h
IIIC Sllrl ‘[’]1(  ,illllal(iltlj  1(:.~  Ill; LSSjVC!  corlll]alliorl  A ,  m a y
tw a ]1111(]1 rlmrc  tii{lil(llt  t:lrg,ct ]ater ill 1996 arid  i t s  detcc-
li{)ll, ifl]t]ssiljl( ;I( ;I 11, ],l:~y I,(]llire usc  of Ll[c IIut)l,le Space
‘1’elcs((,l,f  1[ ((,lttir[l]ir]}(, t II( ])l(,rlourlced  rate of brightness

,Icc, r(a:. c of A (S( ( t 7) \v(~IIl(l  su]~l)ort  tile corlclusion that
A W’ii+  1<.. S lII;  I<SV(, tllii~l  II. ‘1’lIt  (Ierivcd  separa t ion vcloc-
~t its, 1 1 111/s foI 1~ aIItl 4 ‘1 111/s for A, further urldrxscore
tlIc  dili’tr(,Ilc< :. I,ct VJ(.(11  t II, tum frag]ncrlt. s, NOIIC o f  t h e
ff)llr SllSj(CtC{l  (t]lll[)illliollS 1) (;, wit])  tllcir tligll  deccler-

.! i Iic)rls, c(,llld  I,(: :1 SIIl,Sl;IIIl:,  i I ]~itcc of r[latcrial (more than,
‘1:.a,y, .S(’vt’1<1  t{’11.~ of lllf’1~’ls ;lclo.~s ) arid  the irldications are

(Il;tt (,;1[  !1 Of t]l(’111  (flSlll  ~{ ’,,r,  I~lt(’(l  .dlort!y  aft~r se[)aratill~
florll  tll~ [Iar(rll t)mly.  \\’( aI( r a t t l e r  confiderlt that 1’,
wllic}j W;I+ Iltil(i(ct,(l ill tllc c)]~tical r e g i o n  of tile sIwc-



Table 8. Eflective nuc]car  diarr,ctcrs from c’on, ],a]is:,,,  o.I 1,[ igtll  I vss otmel vati[,  ],s IIIadr uudcr  divcrrw geometric conditions.
——.....——————— —.--—.——. —.

Distance (AU)
Obsct vittion of comet  to 1’}) ir<$:
rfatc ( U T )  ‘-  ‘--—--––

Earth
an~l(.

S u n
. — .  —  .

1930 hfay 3f),048b (). [)63~ 1.033 70:3
1994 D(!C. 28.07G’~ ~,3~2 3.03’I 1s.4

28.194”! 2.360 3.033 15.4
29.052”9 2.344 3.027 15.3
29.140’’” 2.343 3.027 15.3

1995 Mar, 28.060’ 1.678 2.348 21.5
29.076’ 1.681 2.340 21.8

June25.973J 1.871 1.532 329
— -  — _ _ _ _ _ _ _ _  - .  .

.. _._. . . . .._____—
Ijfl<< live nnclear  dianleter”  ( k m )

p : ().(1:{!, rlla~,/deg /3 = 0 .050  mag/deg
ILef( r( IICC - ——— -... .—..

y) : ().(14  ]1 = 0,02 p = 0,04 p = 0.02
.  .  . . -  . _ .  . . _ ..-. — ._-_ —__—

l;aldel (l! Jl\Oii,ll) .,{,, . 3.2 3.7 5.2
tl]is J,a],cre )
111]s I,al,er

}
2.3

this ]>al,er
3.2 2.5 3.5

tll)k pi[)cr )
this  pa],er .: 3 .!1 < 4 . 9 < 4 . 0 < 5 . 7

tl(i~ palm <: :{ (i <5, ] < 4 . 2 < 6 , 0

tl~i<  pa]im ,., . . . . . .

. Amu,,,ed p h o t o m e t r i c  par.=imc.terw  are phase  cocfl,ct,  r,t  P :irl >.,,

b  A8su~\ed 1’- W\vi$  : -0,12  n)ag,

~.~<  k,.  ,:netr(c  altxdo  J. an Lt,,  1’ ,,~.%l,,$f,d

c  T h i s  image WM t a k e n  w i t h  t h e  3.&meter  reftector  BI Ci,lti,  AI I ,, t,,lj IIt,rgir. 1 si~,rjal CL I ttml, utic,n,  lr<,rlz  IIIC  con,  a
d.

T h i s  an, age and  an  in ,  age  taken  throu.gl,  a red filter OIB 7* ~,:~1 ) I<.;  (1 J{) J,, I,,,,  O, = 4 (I i’(1 II, W
~ Pre l iminary  n,ag[,  itudc  put,l!st, ed by Hlrkle  et al, (1s!44 )

I I I
~-.., - .T.. ., . . . .
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F i g .  6. P r e d i c t e d  r[,c,tions  of the  conlpanions  A  an, ] I: r, :a!:v~ I [ t}, c I,]i],(  ii,al  1111{  1( IIS (’, l,~wd 011  t}lc dyrlarriical  s o l u t i o n s

listed,  respectively ,  ill colrrnlns 2 and 4 of ‘IhtJc 3 ‘J’11{ t! k Iri;i  I k,. iclc](tif} tile ],o,. itir, ],s c,f !)t( cc,rilpanions a t  O h  LJT on  tlrc
indica ted  dates  in I)ccel]ll)cr  1995 and in 1996. ‘1’he ilf!.,.[ ..l II I\ Y:. r, i., I]redicl~  {1 rll:lti[lns  ill  tlII fiIIly I)eriod, twforc t}le m u l t i p l e
nucleus was disco vcrcrl. Note that tllc inset seal{  is < ]iliit~,,~ ,1 IIIj  i ‘ilctor of  j~f,.
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t.ru[n,  w a s  Iiot a coIIIparLicm  in  t])c  true SCIISC (,f t ),(  v;( ,rd

( i . e . ,  d o m i n a t e d  t,y a si],gk!  d i s c r e t e  m a s s ) .

T o  i l l u s t r a t e  t}Ic  f u t u r e  e x p e c t e d  dyrjarl]i(  al tlIc,]IIf  1:,11

of  the systcm  of t]lc  three  major  condensati(]lls,  u ( ~,1 ~,;r I It

t h e  cphcrllcrides  f o r  t h e  c o m p o n e n t s  A  and  ]] I( ]:+1  iic I (I

~ in Fig. 6 up to the end of August 1996. It i< ],r(d,{  t, d
t h a t ,  a f t e r  t}lc cc>~llet  cnwrges froln the cottJuIt<tN~Ii v:!( II
t h e  S u n ,  the t h r e e  c.ondensatjons (if a]] still  dc!c{t I] ’,)
will continue to t)e closely aligned along a striiir,ll(  lili(  ZII  a

posi t ion arlglc of A,250”, the separatism dis(:ill{  r+ i]i( JUt<
ing g r a d u a l l y  frolll 60  arcsec in lat,  e J u n e  tc] ]00  ~r(sr[ ill
]ate August. for the conlponcnt  A arid frorll  18 ;,! t s, c !c,
2 8  arcscc for  H in tbc satne peric)d  of  tinw 1~, t},, )Ii\I t
of Fig. 6 we plot the  calculated motions c~f ih( t~~~, 10111-
panions wit}l resj)cct to the p r i n c i p a l  conl]>(,llrlll  [~ i], 111(
early period, treforc the discovery of the n]ultir~h IILI(  l~,i ~i
T h e  c o n f i g u r a t i o n  of tl]e tllrec condcrrsatio]ls  vaI II(I $;I[,

nificantly  during this interval of tin)e and if (hc ]jr(jxirrillj
of  the  c,onlpc)l)cnts  and  tllc cxtrerne faint~lcss of ): c)]( D II

p r e v e n t  u s  frorll  irllaging the g r o u p ,  w e  wc,l]ld Iial(, w,t
ncsscd a scqucncc of rapidly changing positi[)l~al  ]1,+1 t (r i(~
dur ing  Novcnlbcr, M dcJ,icted  schematically i], 1 ‘){, 7

The issue of Imrticrrlar interest is the rclati(,i,~lii~  t,:
twecll  the outburst and t]lc breakup events. l:~,ti, i }1(,, [1,
the time of scparat ion of 11 from C, nonlinally  1 lit c .trll
est breakup episode, is, realistically, uncertaitl  t(> ;i~ ](a.i
*2 weeks, an attcnipt  to fcjrce the time of t,}lis IIrt :11:111,  IC,
coincide with tbc orlset ti]nc of tbc major outl,llr~f i l,, ( ,11 1!
Scptcmbcr  lcd to a s o l u t i o n  (lU’N1)  i n  cc,l~!rll}t  ~>  (,f ‘1 :

ble  3) that wa~ ul,satisfactory, leaving for t},, [v.c, , ril ,:,1
.lantrary ot,scrvatiolls  systemat ic  res iduals  ir, d((  lIIIa I 1( r,

that were well in cxccss of 0.1 arc.see, excccdi]l~,  1}11 7JI(7 I

mum expcctcd crrc)r  by a factor ofsevcral, ali(i arll:)~l[l[ir),

to about three tillms the residuals from the a(cel,t,~l s ,11!

+1

+ (),5

o

-0.5

+ 0.5
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tion SILrI’Nll.  These residuals were decrnccl  l;iT~,f (]l(,~l{,,tl
J IK. Y. ( ,I,iirlgil,[,, c(,ufl~,ulati(,l,  of the condensations A, B, and
t durill~, Nf,ve]l,t,r I aTI(l chrl} I)r((r,t})er  ]995,  as d e r i v e d  f r o m

not to consider tile corresponding forced s(jlllti(~ll t< I,(. Ihci,  n,odtl,d l(lal.,vr r,lotir,],s Note  that in early December,
equivalent to t,tlc forlnally best fit. On the ot)l(.1 lIi. 11( , \ aIIrl }1 e> ( llan~,e(l  tl,ci!  I,(,>iti(,l,s relative to C and that B was
t h e  s o l u t i o n  SrJ’Nll  (c,olunm  7 of Table 3), v,l,ir}~ It,] a’1 I)(c wes~eltlnlo:.[ c(~IIII~(~n(.  IIt Ilr,  til  I)cc.  5. Sinlilarly,  t h e  m a i n
p r a c t i c a l  p u r p o s e s  was as good  rM the sc,ll)ti[,rl  S)t’1’!\  I II,
yielded for the scl)aration time arl even later alai{,  Ilt;r 1,{
coincic~ing  wittl the separa t ion time of the corl]]~(lll<,lll  .A ,
increasing the tinw diffcrc]lc.e  between the (IU(I,lII:l ,1).:
the splitting from six weclcs to two rilont.ljs.

T h e  dcrivcct tirllcs o f  seJ)aratiorl fc,r the c(,r[,l,~tr~i ,r),
B and A fronl C ccsrrclatc W C] ]  wi th  two lcs~ ]>] (,]l]ilj, I,t
scc,orldary  flare-ups o n  the  l)g, ht  curve. ‘1 he mc~lllilla 1 Ii]{,(.

for the two major rluclcar  fragmentation cvc)lts, 1{2 i,il(l

44  d a y s  post~wrihclicm, prcc.cde the s}lar-p ]~c;iks (, I I II,,<
flare-ups by 4-5 days, virtually coinciding witt, t II(ir (,],.,r[
tirncs.

The final issues that wc wish to address, tlio.{  <1 tli(
;Jrobab]e J}llysic.al Ilat,llrc  of ttle c,ornr)ar]iorl II(I( ]ci, ttl, ~,r{,
cess  resul t ing if] tlieir birttl, and the trigger, II(( ( ,si:~I i!
involve  s]lcculative  considerations. Analysis (if (I)(l(r II

tial norigravitatioll  ;il dccelersttions l e d  t o  t h e  ((l[I! I(I< 1}
tha t  the  corn]  jarliot)  rluclci  of nontidally  .sI)lit ( (,~rl<f~ lilt,,

)< I)res(rlt  s[]ljkilr~]il(tcr-::iftfl, ~,allcake-sbapcd, nearly irl-
f 1 L friir,ll)(  Ilts  (If tllc sur[ac(  tr)iirl~]~  clctacllcd  from the rest
f t}le rlllc)cus  (Sckarli]la 1 !)S2). ‘J’]ic idea of a buildul~  of an
1 sulat ir,g dust IIlii]ltlc, f[rs[ t:x~~rmscd t,y  Whipple ( 1 9 5 0 )
:;,. a n  attritjutc c,( hi~ dirty-i(c cc]]lglo]ncrate m o d e l  nu-

1, us, lIas Iwcn ill( rea~ir,~(ly l}oI)olitr in the past quarter of
1 11(’ ccr(tury (c. (, , I)c>l)l ov(llskij  & hlarkovich 1’372, Mcndis
J’ }Iriu 19;”/,  Iiri~i  L’ hlcr)d]t: 1979,  Ilrin 1980, IIoranyi et
,,1 ]9(;4, ] OIial(  & sa]vail ]$!84, ]’odo]ak &F ]Ierrnan 1 9 8 5 ,

I I:kn,al, A, }’CI IIti  I)dcv 19&(  and  Rickrnan e t  a]. 1 9 9 0 ) .

‘1 IIC pr{,l,l[rr]  witlI  tli~ tarl~ vtrsior]s of tile concept was the
] ]tdict i(,rl of t}j( t[]a]it k’s t,lt)~vc,fl at heliocentric distances
1,1 iir I All , c(>]itriidict  [’(1 l,)  irlmg, ing  e v i d e n c e  f r o m  t}le

II tllry I1lis~iorls i’e.{!,., Rc]lcr ti al. 1987).  An important re-
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vision of t,l Ie icy-con  glo]lwrate model and tfit, dIIsi III !II Ic

collcc}~ts  wiLs Kel ler’s  (1989)  suggestio]l  that CC,J,,((;,I) ,r,
c]ci rescll)})]e  icy dirttm]ls rat, hcr than dirt-y srlo~vl):!l]-, 4 ~,{)
suill)ortcrf I)y h]gtl  refract cjry-t~volatllc ll)as:. ]at i. w ( >, ] ),
ill fcrrcd frolll i]ldelxndcllt  lines of evidctlcc (M( I )LIIIII  II t i
al. 1991,  Sykes& Walker 1!)92), Keller’s argllr[lc)lt ltii~ [I II,.
dmncntally  slliftrxl  the cllll)hasis from the volal ill (t<! t i III

to tllc refractory colllI)ollcllt  and, together wlt II (11( JI,:lJ, II
r e s u l t s  frol]l rcccnt ]al)c)r:itory c{J1llct.sill][)];*[,ir ~11 c>; ,,(! ,.
lllc:nts  (Griin et, al. 1991), opened avenues f{,]] irlll(,wtl  I\~.

Invcstigatiol]s of ttlc phys ica l  proccsscs t}lat  [ al;t 1)1:1, , .,,])
cometary nuclei.

V e r y  rcc.ently,  Kiihrt & K e l l e r  (1994)  itl(rc](lll({(i  III(
collce]lt o f  a n  illcrt, p o r o u s ,  but co]tcsivc  (TII\l,  ~,1 i~(
dis~ingoisllcd  fro[ll  the various col)cel)f,s  of a s(r(tll,,[,tll~ .,
ntanfle su])I)ortcxl  agains t  the  va~)c)r pressorc (,t)l~ I,y ;( 11-
g r a v i t y .  A  t y p i c a l  strength of the crust IIliitril,  itlfll]  I

i[lg its ilItcrface with ttle Ilrlclcrlying  layer of d~l:,l I:( [l.]>:
(hut, also dol]]inatcd  by tllc refractory COrII]NHi(I,t j, I. (..

tilllated hy Kiihrt & Kel ler  a t  1  nlhar to I liir, s(]jli  it IT,

to~lrotect it frorll  disruj)t ion hy the  vapor  I~r(ssul, ‘I a
C o u n t  f o r  actlvlty fro~ll slII{Lll,  lsolatcrl  soorc(,..  l l]It}  r,  .( II [

- in an cxtetwion of tllc IIlodcl  advoc.atcd II) lkj III I (I: I!)I);I

to the il]evitaljle prcscnc,c  of large-scale C{L)IJI]J(,:.III$)II,!I

illlloll)ogcllcitics,  w i t h  l)lacrosco~)ic  fractal cl IIslf  I~.  0! II

fraCk)ryl[latrix (aS[)r)r){)S(!(] k)iCy IIlrd,ClitLl}l  (](ll[llllii  fly,

Mllc]l, h u t  Ilot  tllc clltjiret,y,  o f  t h e  rluc]clls  s(lrf’;l~ ( I;,},( I
‘l’} Icy also cmlsidcr otlicr i)ot,c~ltial  triggers of l[)(il!l/(\l ;,,.
tivity, including tllcrrllal stresses.

Allottler scenario, also derived frol[l  Kiilll[ ,( li(l{l’i
(1994  )co1)ceJJt ofacollcsivc crusl,,  wttsdcv,ll,, 1,
il16h1111al111 (1996) ,  wllo]jro[)oscd  that ~)ressl)i~.(llii(  II ];:1.

.
era] suhsurf.acc flows of llqu Id water arc occa<i{,l,;,lll,  [If,,
sil)le  ill suc]l  a ])orous  col]csivc c r u s t .  Wllih, tll( ]J(W II It
exis tence  of  suhsurfacc water “lakes” it) collwt:iry  II II CIII

\va.s corlsidc red i)eforc  (\Vallis ]986),  M<)]  I] II  I; II  III’S  :i,  }1, II

I]lellt  i s  b a s e d  011 a I)ote]ltial]y  illlljortallt })[(,l,{rty (,I 111,
tel[ll)craturc a n d  Imcssurc distrit)utions  ttlr(,ll~,li  (III III
riorof the crust  at IIeliocc]ltric d i s t a n c e s  rlca] I AIT il [I(I
tcln~mraturrx  vary from w400K at tt]cs~lrf;,c( t{,,.?!()}i
a t  t h e  Illtvrfacc wltl]  tllc c.orc and lf tl]c ])I(w.111~ , .  ~ ;it Y

froltlrlcar mroat Itlc  surface t o  a s  rnuc.}1 a 10 II  II);.  I :[

tl)c interface (requiring, ttlougl],  a  IIigll tlicllll;!l  ( ,.,1)  [I

tivity), tllcn slayer IIlay(,xistj in the crust, wli(r( [t, [III

[Jcratllre  is  I]car  2731{ and tllc ])ressllrc IICaI O  () 11,1 1,:; ,,
wtlicll  dcfilic tile Iril)le [)oir]t  of water. ]1, is lik(l~, tll t! ]~1 ,
cess(~s irlvolv)llg  li(]llid  Wiil.Cr  (sllclI As i t s  la[{, J:Il fi(lt~ ,Ir
rcfrt:c’zirlg,  :lccc)lil I,allic(l I,y all il)cvit, al)lccxlj<;  tls], )ll) Cl IIl(l
sigt]ificantfy  dFiIllilgC  t}lc  s t ructura l  in tegr i ty  of (I]t < t IILI  .

lmr]la~)s  tc, l,IIC ]Jc)illt o f  i[lflictitlg Illajor ct,icks t)] [it II
fractllrc.l t'llilci tr(lllai[lsto t)csccrl~,, llctl,el hl(,llllllilllll’S
scenario  IS l)lausll)lc, the recent rcsearc. tl C~II (( II II Il; bIj 11,1
clci aI)})eals  L o  I)c IIcadc(l  ir] tllc direction (Ii’ aIl ( )() i,
crcasillg d(ljtll of tflc illcrt s u r f a c e  ]aycr; SOIII(,  (If  IIlf  .,!,

Ilarios c o n s i d e r e d  I)y Kii]lrt &. Kcilcr ( 1 9 9 4 )  J’il.l[i  ( I 11.,1 ,.

tnore  t h a n  5 Irwtcrs th)ck. It I S  i!lforlrlativ(, ((I ((,III; ,; II,

IIIN+(,  II IC, dC]CIl (Tllst (I(j)tlls  >vitti arl estirnat,cd t h i c k n e s s
(If ttlc ],:lrlcal;t,-:,]l:i])((l  c(,[lll)allioll  fragrncnt,s t a l c . u l a t c x f
I,y S(ka]iill:i  (lf)fi~)  fr(,])l tljcir differcnt,ial dccclcrations:
I:,r lIIC g r o u p  (,f l}IC IIl(,st ra])idly disirltegrrtting cornpan-
i,ms,  \J,ittl a clj;ll;~ct(,listic {I(ccl(,ratiorl ofy & 300 units of
[()--:’ st,]ar  at(lat-ti<,l, a],cl it tyl,ical ]ifctilnc o f  z20 d a y s
;it 1  AIJ frolll  t]){, S(III, tilt Illillilllllrll  dirI1crlsioll  irlfcrred
t,,’as -.,7 ]j, (.tr?] ... f(,r lilly,[)r (!~l,ll,:illiorls,  wl]oscy R40ur)its
;illd lif~.t]l])c -.~l(I da),  s, t II{, Illiljirllut]l  dinlcnsion  r e q u i r e d
r:as F-50 IJlct(rs It sc(tll~ tl,:it given the  aI,parently v e r y
Ilctcrogellcous itlt(,lior stru([urc of a co]l]etary nucleus in
i:cnera]  arid its (tjllc.~ive  cltlst ir! par t icular ,  the  proposed
f~latioI!s)iip  Ij(twc(,ll  laI~f fla~,lI1cllts  c)f the  c rus t  on  the
(IIIC Il:ill(l al)d at I(,:wI s(jtli~ a]lmng t h e  s e c o n d a r y  nuc]ci
(~fll(,rlti(l:,llys])lif co[lwts r{tr]ail]s  aplausit)le hypothesis.
‘1’llc trgl,,(rs t}lilf  acttv;it(,  ;i discrete  source should also
,,c r,.<},c~lisi]j](. f(, r ft:i(tol(. ‘1’tlc delayed response of the.
it]lclcll:,  ()[ l’/,scl  I\viL<~IIIiIIIIJ  \$)aclltllarlll  3 to a major dis-
IIlrhalltc on i(s sllrf,t(~.,  r(,fl(,ctcd  i n  t h e  e n o r m o u s  t i m e
!Iiflcre]lc(  lwt viccrl tlj( CIII<(I {If tllc m a j o r  o u t b u r s t  a n d

Ile  stlljs~.(lllcl,t  ],r(,:ikLll>  (,i,{rlts,  c]ear]y supports the con-
,l,tl];,l irlterl,l{l;it)c)r)  of a (otlj(tary  nliclcus  a< a n  o b j e c t

}Iat  l)(lss(+scs  ali[llit  ((l,  I)llt IIot  i~lsignificant,  internal  ccr-

,(siotl, ‘I}IC tfic{t als[I ]l](,~idts  strcmg cvidm]ce a g a i n s t
[lod(,ls c} I a st[v]ip,llll{ss  r-oill(,tary  Ilucleos.

!Ckt,f)Til({l[Jr~/I~TII.\.  \\r( ii):.~)k J. hfallfroid (LJnivcrsit,y  of
ibg(,  II,lgilllll), K. l{(it,wll (l Jrlivmsity o f  Gottingen,
l(:r]ljii]iJ),a]l,lJ  St(,rl,l (l S(),l,  aSilla,Cl  iile)forkirldly
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.! hfira(l(l;i, alI,l 11. Nl,r1f7, ‘I’t, is research wius carried out
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